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PREFACE TO FIRST IMPRESSION. 


HP HE last quarter of a century lias seen a striking 
increase in the size and efficiency of astronomical 
telescopes. These have opened up new fields of great 
interest ; but in the widespread attention which they have 
attracted there is some danger lest it should be forgotten 
that there are fields for which the primary instrument of 
all, the unassisted human eye, is still available, and to 
which, it alone is adapted, fields which even yet are far 
from being exhausted. 

I owe my own first recognition of the extent of the 
work in astronomy which there is still to be done without 
a telescope to the sight of the Zodiacal Light whilst passing 
through the Red Sea. The more I studied that object, 
the more X was impressed with its mysteriousness, and it 
was in the first place, in the hope of enlisting observers 
in its study, that I commenced in 1900 a series of short 
papers in Knowledge upon the Zodiacal Light and other 
objects which like it need no optical assistance for their 
examination. The subject has grown in the writing to 
far larger dimensions than I had in the least anticipated 
at first, and no doubt it might have been expanded to a 
much greater length still without exhausting it. I hope, 
however, that what I have written may prove suggestive, 
and perhaps helpful to those who, though they possess 
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uo groat equipment, yet have a love for the first and 
grandest of all the sciences, and a desire to take a practical 
share in it, Whilst, oven in these days, there are still 
many who delight, to see spread out before them night 
after night the glories of the heavens, and — 

“ To road tho pa go, 

"Whore every letter is a glittoring world,” 

and to whom that high contemplation never fails to bring 
a “certain joyful calm,” It may be that these will not bo 
unwilling to read onco again of the shining ones with 
which they are so familiar, and perhaps in some cases will 
be glad to bo led from tho pleasure of admiration alone 
to the greater pleasure of admiration linked with ordered 
observation, 

For the illustrations of this book I am greatly indob tod 
to Miss 0, 0. Stevens, wbo has prepared the maps for me, 
and who lent, her drawing of the eclipse of 1900 ; to 
Miss Bacon, M. Antoniadi, M, Easton, Col. E. E. 
Markwick, and Mr. H. Keatley Moore, for their per- 
mission to use photographs or drawings, and to tho 
Council of tho British Astronomical Association for the 
loan of several blocks. 


Sr. John’s, London, S.E." 


E. W. M. 


CONTENTS. 


INTRODUCTION. 

There is astronomical work appropriate to every grndoof instru- 
ment — Work appropriate to tho naked-eye— Work for 
which tho nakod-oyo alono is suitable — Naked-oyo Astro- 
nomy accomplished much before tho invention of tho 
Telescope — Valuablo in tho training of hand and eyo — Tho 
observation of Motoors—OO tho Milky Way — Of tho 
Zodiacal Tight- Of Aurora)— Work in connection with 
bright Comots — And with Total Eclipses of tho Sun— 1 
I’rogmmmo of tho Book * ••• 


SECTION I, 

CONSTELLATION STUDIES. 


CHATTER 1. 

OUiaiN OF THU CONBTELIjATTONS, 

Knowledge of tho Constellations nocoasary to tho nukod-oye 
Astronomer— Sources of information aa to thoir origin— 
The Almagest and Aratus— Tho unmapped spnoo in tho 
south indicates tho latitude and date of origin — The plaoo 
probably noar tho souroo of tho Euphratoa— Taurus tho 
original first sign— Tho Constellations a dolibornto design 
—And designed ns a whole 


2 



X. 


CONTENTS, 


CHAPTER TI. 

THE GREAT STAR 0I.O0K IN THE NORTH. 

I*Ad K. 

The Stars recognised by their grouping with euoh other— Tho 
Stars that novor sot tho llv.it to bo learned — The seven 
Stars of tho Plough— The Polo Shu— Cassiopeia— Capelin 
— Yoga— Tho great guiding Constellations— Tlioiv move- 
ments hour by hour uml month by month— A groat olook 
and ealondiir | y 

CHAPTER lit. 

THE NORTH 01U0UMP0I.AR STARS. 

Ursa- Major — Ursa Minor — Draco — Cassiopeia and Coplious ... Jill 

CHAPTER IV. 

THE STARS OF SPRING, 

The Plough, tho gmdo Constellation— Leo— G'nncor— Leo Minor 
Lynx — Canes Venatici— Coma Berenices — Virgo — 

Hydra, Coitus and Crater -Routes —Corona Borealis ... lift 

CHAPTER V. 

THE STARS OF SUMMER. 

Voga, tho guido Star— Tho Great Confliet-Tho Region of the 
Birds— Homdes— Lym—Ophiuchus and Sorpona— Scorpio 
and Libra— Sagittarius — Corona Australis — Oygmis— • 

Aquila — Sagitta * ^ 

CHAPTER VI. 

THE STARS OF AUTUMN. 

Cassiopeia, tho guido Constollation-Tho story of Andromeda 
— P ersous and Andromoda — Triangulum — Pegasus— 
Delphimis — Capricornus — Aquarius — Ootus — Pisces— 
Eridanus — Aries hH 


CIIAPTER VII. 

THE STARS OF WINTER, 

Taurus— Auriga— Gemini— Orion- Lopua— Cams Major and 
Canis Minor ... 


00 



CONTENTS. 


xi. 


CHAPTER VTIL 


TUB flOUTlt CIUCUStl'OT.AK STABS. 

Tlio Southern Milky Way ami tho brilliant Constellations near 
it—'L'ho Southern Polo destitute of bright stars— Tlio 
Magellanic Clouds — Tho Coal Suck— Tho Southern Cross 
A.rg 0 — Tho lloluge Story— The now Southern Constella- 
tions 


SECTION II. 

ASTRONOMICAL EXERCISES WITHOUT 
A .TELESCOPE. 


CHAPTER I. 

THU SUN ANI) TIU5 8KA80N8. 

Primitive observation — The natural horizon tho first instrument 

'['ho earliest sundial— Determination of tho seasons and 

tho length of tho your -A pin-hole altazimuth 

CHAPTER If. 

MOBNINO AND HYMNING STABS. 

Tlio nightly procession of the heavens — Morning stars Heliacal 
risings— Stars most suitable for heliacal observation— The 
PloiadoB 

CHAPTER III. 

TUB irATtOtt OF Till! PT.ANBT8. 

Apparont movoinonts of tho planets— Morcury and Venus— 
Venus soon in daylight- Visibility of tho phase P - Saturn 
and Jupiter —Visibility of tho Satellites of Jupitoi— Mars 
—Planetary conjunctions 


t, '• 


xii. 


f'n M> *’•' s ! '» < 4 >;< 

■ ;-n ■ '■■■■• •’ ■■ 


I IMi i i- h v 


A ».r>lnl nr - rf 

til 111, >t i r * i ; I-' 


.* r * ' n**\ tu. 

ASTRO NO MICA l OHSfcR VAT IONS Wj a Hoi I 
a in Broil* 


MIAHIK II 

M IP x-i-u, 

Ihl.* t'irtti v{ M r t < •** i jv> IT-' >. H jilt £ t #1 * ' . »,• .ti : ■■! 

' .tv!.- -j-i r, :.1 , V} i i : > 

df iiji*d'r» nlitni I « if na 1 jy- -- a- jji-.t |’ 4 . ’s 

SlinWpr- 11(1’ l i i’iH'l# Kit At. 1,> •..< ' lf u , , 

nolmutn l.iol »>f *tir j'MM ij »5 M*v.- i ■.< • i njM 


i ll A PI l? fi 11 

■M!(: pn.utti i . u i 

Hr. (MilMm’o *t« «> rijvt ii< r , Wftm !ni «rn , . y .« j B . 
■lifUt (lll)ni ,.f 1 , 1 . * r r* t»j j., t, I “M r 1 ?;••« It i,l 1.7 S^. , I*v . jj ... e 
" Htn-Kjjrr f.iKlif* 1 J(»- •• Hiili.f i • £ • * 

|»riu r< *' ■ I tic* t ji.jjri.t, ,n ,, r r,, n j j, : j ,, 

lmtnl IVruioin'iil r*‘U}.ri. s : 

l.imi •(!(•! nr Zd.liiMttl I » 4 if ir | p ^ 



CONTENTS* 


xiii. 


CHAPTER III 


AUnOHiE. 

Variation with Sunspots— Lending forms of Aurora) —Details 
to be uotod— -Tube for observation— Auroral beam of 1882 
— Beam of 1890 


taok. 


195 


CHAPTER IP. 


TUB JIILKT WAY, 

Observed by tho A noion ts— Favourable season for observation 
— Methods of work 


203 


CHAPTER V, 

NEW STAKS, 

Importance of prompt discovory of Now’ Stars— Distribution 
with regard to Milky Way— Novco of 1672 ami 1004 — 
Novm obsorvod, 1848 to 1886— Nova Aurigto, 1892— Tho 
discoveror, tho Rov. T. D. Anderson— His hunt for Now 
Stars— Diseovory of Nova Porsoi, 1901 .. ... ..« 


CHAPTER VI. 

TUB BTIVtrOTUIlB OK C0MKT3. 

BWidikhino’s thoory of oomotary tails— Thrco types of tnils — 

Tho Comot of 1001 ... 222 


CHAPTER VII. 

A TOTAL SOL All KOLII'BR, 

Drawing of tho Corona— Method to , bo followed— Tim Search 
for Stars— Observations of "Shadow Banda "—Meteoro- 
logical work— Work with ordinary camera— Sensitometor 
photographs 



CONTENTS. 


xiv, 


OIIAPTEB YIIL 

ST MIS BY DAYLIGHT AND TIIM BUM 01? STARUOIIT. 

OAUtt. 

Are tlio Still’s visible in the daytime P— Humboldt and Sir .Tolm 
Hor sohol — The total light of nil tlio Stars — Results of 
Prof. Newcomb and Mr. Gavin Burns — Suggested method 
of observation— Gonernl illumination of tho sky — Does it 
vary ? 2.18 

CHAPTER IX. 

VA1U0U8 SKY I!l'J?KOm 

Luminous night clouds— Eruption of Krakatoa — Groon Sun — 

" Bishop’s Ring ” —Afterglows and Eoroglows — Differences 
from ordinary sunsets and sunrises— Tlio Martinique 
eruption — Height of tho dust stratum— Tho Shadow of 
tho Ear tli— Crepuscular rays— Sun-pillar —Importance of 
exact observation 216 

CHAPTER X. 

VARIABLE STARS. 

Discovery of variability of Mira Coti— Variation of Algol— 

Method of observing variable stars— Beta Lyrra — Delta 
Copliei — Your classes of vnrinblos — Irregular variables — 

List of varkblo stars ... 25(1 

CHAPTER XI. 

THE COLOURS OR STARS. 

Only two colours rocogniBcd by the anoionts— Pranks’ oataloguo 
of star colours— Method of observation -Changos in tho 
colours of stars — Scintillation , . , 205 



ILLUSTRATIONS. 




I 1 AUK 

The Corona of 1000, May 28 



Frontispiece 

3?ig. 1, Looking north til Midnight on tTimmu'y 10 ... 

18 

» 2. n ■» 

Ifobruiiry 13 ... 

19 

»» »i ,, 

March 1C ... 

22 

»> ‘®* » i 

April 1C 

22 

»» i* 1 it it 

May 1C 

23 

It o. 

Juno 14 

23 

7 

ti *• it tt 

July 1C 

24 

tt 8* »t tt 

August 14 

24 

tt 9. ti it 

Soptombor 14 

25 

„ 10. 

Ootobov 14 ... 

25 

It 11- !> I» 

November 14... 

20 

>i 12. n ii 

December 14... 

20 

„ 13, The Chief Circumpolar Slurs, 

Midnight, April 1 

27 

„ 14. Tho Lion and the Plough 



39 

„ 1C. Spica nnil Cor Caroll 


40 

„ 16. Arotuvua and tho Crown 


53 

„ 17. Lyra, lloroulos and Anhiros 


OO 

,, 18. Antaros and Alpha Libra) 


04 

„ 10. Oygnus, Aqulla and Sagittarius 

09 

,, 20, Tho Creator W and tho Square 

79 

„ 21. Tho Ploindos 

... 

... 102 

,, 22. Auriga, Gemini and Taurus 

... 

... 100 

„ 23. Sirius, Prooyon and Orion 

... 

... 112 

„ 24, Pin-holo Altazimuth for Observation of tho Sun 

... 138 



X\i. CONTKNTH, 

I'MlX, 

"Fig. 26. Positions of llio Him at Mio rising of Candida Pisoiutn 1*17 

„ 20, Positions of llio Sim ut tlio selling of Intu Pisrimu... 13* 

„ 27. Positions of tlio Kquutor and Trnpies for lufitiulen 

02° and 30" N. ... 110 

„ 28. Tim ICitHt Horizon nt 2 A.M. j 1HHI , Juno 22 1 

„ 21). Photograph of Moon, lulieii 11)02, Muroli 22 ... 1D4 

„ 30. Drawing of tlio Moon by M. Muimee Petit... ... 1 fit 5 

„ 31. Drawing of tho Moon hy M. Aiitouiiidi ... ID? 

„ 32, Sunspot Curves from 1882 to 1801 ... ... ... loll 

„ 88. Tlio Gonlur Munlur, or Itoynl Observatory of Delhi 1UH 

„ 34. Tnelination of tho Eoliptio ... ... 1HD 

„ 36. Illuminated Slav Olmit ... ... ... ... 1HH 

,, 30. Tube for observation of Aurora? ... ... ... Hint 

„ 37. M. G. Ifnston ... .., IMHt 

„ 38, The Milky Way in Cygmis 20N 

„ 30, Distribution of Now Stars relative lo the .Milky Wny 2 1 fi 

„ 40. Tlio Conmt of 1901 , on April 21 and May 6 :22!t 

„ 41. Tlio Cemot of 1001, on May 12 ... .. ... 221 

„ 42. Prof. Unjdikhine'ft Analysis of the Tail of the Comet 

on 1001, May 12 2211 

o 48, Tlio C'oiona of 1000, May 2K, by Miss l), (), Stevens 2211 

» 44, Drawing the Corona, Ihixur, Indin, Jimnnry 22, IHPH 

(Photograph by Miss (1. Itniam) ... 2311 



STAR MAPS. 


HO. rAOK, 

1. Tho North Circumpolar Eogion 33 

2. Tho Eogion of the Lion 'tL 

3. Tho Eogion of tho Water Snake ... ... ... 4.9 

4. Tho Eogion of Are turns 37 

3. Tho Eogion of tho Scorpion 03 

0. Tho Eogion of the Birds 73 

7. Tho Eogion of tho Eoyal Family BL 

8. Tho Eogion of tho Wator-Bcaror ... ... ... Bfl 

0. Tiio Region of tho Sea-Monster and tho Flood ... 07 

10. Tho Eogion of Orion and tho Bull ... ... ... 105 

1J, Tho Eogion of Siriun ... ••• J- Lit 

12. Tho South Circumpolar Eogion 1^1 



INDEX TO THE CONSTELLATIONS. 


Andromeda 

Anfclia 

Apns 

Aquarius ... 

Aqiiila 

Ara 

Argo 

Aries 

Auriga 

Iiodtcs 

Cffilum 

Camelopnvdiis 
Cancor ,,, 
Canos Vcnatioi 
Canis Major 
Canis Minor 
Capricornus 
Carina 
•Cassiopeia 
Centaurus 
Ceplieus 
Cctus 
Chameleon 
•Ciroinus . 


... 

... 

... 

1,0, 7, 10 


7H 



... 

;i, u 

» ♦ 1 

1 21! 



... 

.13 

■ * ♦ 

... 1211 

... 

... 


0, 7, K, 0 

Mt 

8f! 

... 


... 

0, (1, 8 


71 

... 

... 

... 

fi, 8, 13 

• II 

1 10, 122 

... 

... 

... 

«. 0, 11, 13 

III 

MO, 12(1 

... 

... 


7, 10 

fit 

01 

... 

... 

... 

1, a, 7, 10 

Ml 

... mi 


... 


i> a, 4, fi, a 


r*i 


... 


0, 13, 12 


... 122 


... 


1, 10 

* 1 1 

27 

... 



a, io, ii 


42 




1, 2, 4 

Ml 

... 43 


... 


0,11 


... 112 




a, io, ii 


... 112 


... 


. 0,8 


H4 




11, 12 

Ml 

... 120 


... 


1,7 


nr, 


... 


a, o, ii, 12 


117, 120 


... 

... 

1,0,7 


... no 

" 

... 


7, 8, 0, io 


87 

" 

... 


12 

Ml 

... 322 

" 

... 

... 

12 


... 122 



CONTENTS. 


XIX, 


constm, nations. MAI . t i»auk. 


Columbit 

,,, 

. . . 

1), 11, 12 

♦ * * 


120 

Coma Dcroniocs ... 


... 

2,4 

... 


•14 

Corolla (Covoim Australis) 


5, 8 



71 

Corona, HoraUis ... 

»•* 


4, 0 



03 

Corvua 



a 



fit) 

Crater 



a 



r,o 

Crux 



a , 12 



118 

Oygmis 



«,7 

... 


7 L 

Dolpliinus 



(1, 7, 8 



Hi 

Dorado 



0, 11, 12 



122 

Drneo 



1,4,0 



34 

!R(]uulous 



0, 7, 8 



1)8 

Eridanus 



0, 10, 11, 12 



1)8 

Fornax 



0 



122 

Gemini 



2, 10 



107 

Crus 



8, 0, 12 



120 

Horeules 



1,4,0 



r,« 

Horologium 



0, 11, 12 



122 

Hydra 


• «» 

2, 3, 0, 11 



fit) 

Hydras 



12 



122 

Indus 



0, 8, 12 



122 

Laeerta 



0,7 



37 

Leo Major ... 



2, 3, 4, 11 

... 


38 

Loo Minor ... 



2 



•13 

Lo]ms 



0, 11 



111 

Libra 



3, 4, fi 



(12 

Lupus 



3, fi, 12 


117, 

120 

Lynx 



1, 2, 10 



43 

Lyra 


... 

0 



r>» 

Magollanifl Clouds 



12 



122 

Mains 


,,, 

a, n 



120 

Mousa 

... 


12 



123 

Mioroseopium 


. . . 

0, 8, 12 



122 

Monocoros 


■ i » 

2, 10, 11 



110 

Musca 

... 

... 

12 



122 





INTRODUCTION. 



j^||IOMK years ago, when Mm 8ioux Indians wore 
beginning (,o gel vuhUohk and in threaten trouble, 
it; wan thought expedient by Hie authorities 
at Washington to invito Homo of l.lio discontented chiefs to 
an interview with their “ (imit White Father," the 
lVenidenf., and, incidentally, to give them u demonstration 
of tho viiut resources which they would have to oueoimler 
if ever they took uj» arum against tin* Federal (lovernuieul. 
So thoy came, and were shown Home of tin* mighty 
machine* which modern engineering hits jnudimod, mid, 
in particular, Home hundred-ton gnus. Tho monster 
weapons were duly mameuvrod for the red iiuiu'h Imnctit 
They were loaded and llrod, and the l'mliniiH wore con- 
ducted to the ruin which had been the target that they 

j» 



It. 


intmhmjutwn. 


might mark the terrible destruction which the m i m i N* 
had wrought, Tim Indians looked, 1ml imilcud of licim: 
overwhelmed with astonishment. and IVar, mi their gui. !er> 
liad expected, ltcd ruvi^l only a slightly here. I imlilVeivii. e. 
T1 10 United Stales ollieial in charge of l ho demnnst nil i«m 
repeated and emphasized llm expliuml ions, when one 
the chiefs, with just, tlm faintest, ghost, of a satirical 
smile, which was the utmost nisnil'enlnl ion of feeling hi’ 
stoical sense of dignify allowed him, said, point ini: l" 
the unwieldy weapon, "You won't come after Indian 
with that.” 

It was true ! The ollieials lull, its force tit once, and 
the Indians were treated to no more exhibitions of heiivv 
artillery pmetiee. It had been forgotten Unit the in. nit 
powerful weapon is not necessarily I, lie most effective 
foi cvoiy purpose, and that for some elasses of work (lie 
great sizo of an instrument may ho a, fatal disqualification, 

A very similar mistake is sometimes made in regard to 
astronomy, and has no doubt interfered with the popularity 


of the science as a pursuit. It i H loo often as.su me. I 
that nothing of real intern* or utility on,, l„. ,„d,i,. v ,..| 

without the possosskm of telescopes of 

and of corresponding cost. Tim groat observatories 
tamed in various European countries l,y |.h„ Him,., 
founded in America by millionaires, like Tack or iVrkcs, 
have been thought to command a monopoly of tin, 
comical advances of the future, s i„„„ U ,„ y al „ ui! ^ 
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tho telescopes of greatest light-gathering power and most 
perfect definition. 

This vimv is far from correct. In the first place such an 
assumption entirely overlooks the fact that 

“ lly tint limit a refractor of this kind lias been m'oetod and 
(’quipped, lint outlay upon it will luivit become .to large that it 
would Ito niter folly to use tho instrument fur work other than 
that for whiith it o great power roiulors it specially lilted- The 
result of this is Dmt our modern giant loloseopos nro, with few 
exceptions, employed, not in doing work which was formerly done 
by smaller iimtrmmmts, hut in doing work which formerly could 
not lie done at all. Bncli, for instance, is tho Imlk of stellar 
spectroscopic work, including detoriuinulioiiB of velunily in the 
line of sight, the measurement of close double slurs, tho spectro- 
scopic examination of nehnhe, tho discovery of new planetary 
satellites, and similar matters. Wo boo, thnroforo, that the cstablisli- 
mont of these powerful telescopes has boon accompanied by the 
development of new fluids of rcsrurch, and that tho work which was 

formerly done and can still ho well done — by instruments of 

moderate size has not lieen reduced." * 

.Nor i.s thin all, Not only art) tho now giant, telescopes 
necessarily devoted almost entirely to work which smaller 
iuHtrumontH cannot touch, thus leaving to the latter the 
observations within their compass, hut tlioro are departments 
ol ! work for which a great refractor is as 'wholly mi suited as 
a hundred-ton gun would bo for lighting a lioil Indian or 
shooting snipe, (treat light-gathering power is not always 

'* Mr. W. If. Maw, iut.A.8,, Presidential Addrons to tho British 
Astronomical Association, Ootobor 2Glh, 1801), Journal of the British 
Astronomical Association^ Yol. X,, No. 1, p, 8. 
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INTRODUCTION. 


the most important quality; for some researches broad grasp 
of field is far more essential, and horo llio giant teles copes 
are practically useless. 

Prof. E. E. Barnard, in ono of his lectures on Astronomical 
Photography, illustrated this point by showing a photograph 
of the great nebula in Andromeda, with all tho marvellous 
detail of ring within ring which tho photographs of l)r. 
Roberts and his followers in this Hold have made familiar to 
us. Then over this he would place a mask, cutting down the 
field of view to the area which was the largest which the 
great 86-inch refractor of tho Lick Observatory could com- 
mand. It was seen at once that, however powerful tho light* 
grasp of that telescope, it was quite beyond it to give any 
idea of the structure of so largo a body as tho Andromeda 
nebula, when considered as a whole. 

But there are other objects in the heavens of far vaster 
area than the Andromeda nebula, and to deal with those in 
their full extent requires a wider field than any telescope eitn 
cover ; they must be observed directly with tho unassisted 
eye. 

There are, then, definite branches of astronomy in which 
the telescope is not only unnecessary, but, more than that, it 
is a hindrance. Apart, however, from this, it is woll to 
remember that the science was pursued with great success 
for some thousands of years before ever the telescope was 
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V, 


ovou conceived, The length of l, lie your, the oblicjnity of l.lio 
ecliptic, tlm fact ami amount of procession, the chief lunar 
inofjualitioK, the inclinations of tlm planetary orbits, ami 
thoir relative dimensions wore all determined by direct o ye 
observation, and with a really remarkable approximation lo 
tin? truth. Indeed, in our own day the aamo feat Jinn boon 
repealed, for, as readers of Know iusikik will remember,* 
there is still living- in Orissa the Hindu astronomer, Ulniu- 
drasekhara, who, with home-made imtriiincntK and without 
optical assistiuiee, lias redetermined the oluintmts of I lie 
chief members of the solar system with a most astonishing 
accuracy. Work of this kind may not indeed *' increase the 
sum of human knowledge,” for it is to repeat with very 
small and imperfect means what is being done with the most 
perfect appliances in the great public observatories of the 
world. Hut it is far from being waste time and effort on 
that account. As a training in IcoounesH of perception and 
in habits of order and accuracy in observation it will be of 
Hie utmost service. It is not every mail who climbs the 
ropes of the gymnasium who expects or wislieH to become a 
sailor, and so to turn tho skill ho acquires to direct Herviee 
in exactly tho same line; but the strengthening of bis 
muscles and the increase in agility are solid gains to him 
none tho loss. 


* Boo .Knowuukik for November, 1H00, p. 257. 
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INTROWIimuN. 


""What was done in the olden limes cun he done in (lie present 
day, and I wish to prominently direct the ntleiiliim id' hcgitmeer> 
to the fact that by the employment. of quite simple apparatus they 
may make observations which will bring homo fit them in a way 
which more reading can never do, tv knowledge of many astronomical 
phenomona which they will find to ho, not only of i mined ink' interest, 
but of groat value to them in their further studies. 


“What I wish to urge therefore, is, that those commencing the 
study of astronomy should not bo content with rending only, but. 
should work in the open air, faithfully ami systematically recording 
their observations, liowovor elementary (host) may lie, 1 lay great 
stress on this lattor point, bceauso imrneordnd observations hnvi*, 
as a rule, little educational value. Tho more fact of describing in 
writing auy observation, liowovor simple, which has been made in 
of immonso assistance in seouring completeness and aeenraey. Of 
course, tho country offors gmitor fuoilitioB than (owns do for thin 
out-of-door work, but thovo aro few towns where utiress cannot he 
had to some eonvonient site giving a fairly clear horizon and 
sufilciently free from, traffic to allow of star maps being referred ti» 
without serious inconvenience. Naturally the beginner's first en- 
deavour will bo to idontify tho brightest stars and trace out approxi- 
mately the confines of tho various constellations. Continuing thin 
study he will gradually acquire a knowlodgo of tlio paths followed by 
the stars in their courses from rising to sotting, and obtain K clear idea 
of the position of tho apparent axis of this motion. As t ime goes 
on, ho will further notice that the constellations ho has identified 
set earlier and earlier oaeh ovoning, and that otlior uonstollntiomi 
previously unseen will come into view on tho custom horizon. 
Further, he will notice that tlio path followed by tho moon in her 
course through the sky not only differs at different parts of a 

1 h ° n ’ vnvio3 for a «y P«i* of a lunation at diffore.it 
seasons of tho year. As his knowledge of tho sky progress os, ho 
wi be able to identify any bright planets which may bo visible, 
and to observe their changes of position with regard to tho adjacent 
^ changes which he will do well to note hi his sketch-book for 
future reference and conrideration. Now, the beginner who has 
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loartn'rt those elomrnliiry ftmts by no tun) observation of tho sky, 
mill lias fiulismjuoiitly by the nid of his text- books mnslitml (bo 
I’cnsmw for wlmfc ho bus observed, will lnivo inado a vary fair stnrt 
in the study of astronomy, and ho will, I vonlui'0 to think, havo 
muinired a far Uoonor iulovost in tho motions of tho honvonly hodios 
tlmn ho would lmvo possessed if ho hud oouHnod bin nil, notion solely 
' to books, or if his opon-uir observations laid not boon of a wysfoinutir 
olmmotor. Ho will ubo llnd that by tho aid of uoino vory i 
homo-mndo instruments, snolt ns a cross -stuff, a riulo form of transit 
instrument, and othor siinilar iipplinncoB, ho will bo ablo t«» nmko 
ohsorvutions which servo to still more impress upon his mind tho 
foots ho has boon learning. Of oourso, such obHorvutinns must bo 
crudo and wanting in uooimmy, but they will, iiovortholoss, ho found 
to serve a vory useful educational purpose,”* 

Tt is therefore possible to become a real astronomical 
observer without a telescope and without any outlay except 
that necessary to procure a good star atlas. And though it 
may appear a useless labour thus to traverse for tnniHoU' tho 
stops by which tho oavly astronomers attained a knowledge of 
tho universe, yot the val uo of tho training involved will l>o 
immonso, ami tho delight to bo derived from personally 
watching in progress tho majestic movement of tho heavens, 
tho sublimost machine in creation, will soon bo foil, to ho 
enthralling. 

Hut however groat tho interest that may bn taken in work 
of the kind just described, the observer will be sure, ere long, 


* Journal of tho Unlink Astronomical Association , Yob X., 
No. I, p. 12. 
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e »iie to do something which shall be of value for its own 

* weLi as for its secondary effect as training. And, as him 
been , 

ready intimated, there are certain fields, by no means 
fully cultivated, which are full of interest, and for which 
ta'iCLrit telescopes are required; indeed, in these domains, 
tlle Unai ^d eye is the ideal instrument, 

iissb oE alb there is the observation of Meteors, Thn 
teois of November attracted a great deal of popular 
interest in the closing years of last century. Articles ami 
t-Gis in all the newspapers of the land excited gone ml 
* to the utmost. Everyone was anxious to non a. 
'iplay of natural fireworks, exhibited without charge, mu I 
w °uT-d utterly outdo any efforts of human pyrotoohny . 
is perhaps no loss to science that the expectation was 
01X1 e< ^ disappointment. But though everyone was on get* 
a, spectator at a magnificent display, there are very Cow 
deed, w, lio have cared to become serious observers of met corn. 
Yet the work is of great interest and value, if systematically 
carried out ; and the work of a single observer, Mr. W. h\ 
has supplied us to-day with the most perplexing 
problem that still remains without solution of all astro- 

^ 5 ^ lG P 10 ^ em °f “stationary” or “long enduring 

va-cHauts,** 


iText. comes the study „I the Milky Way. Here ago, 
n ° tele -°ro i. required. A clear sky, keen sight, and g TO 



INTRODUCTION. 


IX. 


pationco arc the requisites. And this field is also ono which 
scarcely any observer lias falcon up. When wo have men- 
tioned Hois, Bond dicker, Easton, and Wesley, we have almost 
exhausted tho roll of explorers of tho Galaxy. Yet night 
after night its mysterious convolutions aro drawn out athwart 
the sky, tho ring which encloses our universe, the true 
Mitgnrd snake that encircles tho ontiro world. Only to the 
most constant and patient scrutiny will it give up its secrets; 
yet how largo a proportion of tho mystory of our Cosmos 
is involved in an understanding of its structure, who 
can tell ? 

Thirdly, there is tho Zodiacal Light. Wo in these high 
northern latitudes are not well placed for watching it ; hut 
it can bo seen from time to time, and a thorough use of the 
opportunities that do come will go far to compensate for our 
less favourable position. And it is worth mentioning, in this 
connection, that tho Gegonscliein, tho faint countorglow to 
the sun, more difficult and elusive than the Zodiacal Light 
proper, was independently discovered by an Englishman, 
and not a dweller in Southern England at that, by Mr. 
Backhouse, of Sunderland. In the Zodiacal Light, and tho 
(logon Hohoin, wo have again objects of the greatest interest 
and mystery, which arc quite unfitted for telescopic examina- 
tion, are truly naked-eye objects, and which to this day have 
never been sufficiently observed. 

Fourthly, there are Aurora). At tho minimum period of 
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the Mimspol. cycle there is uo reason to expect any immediate 
recurrence ot‘ these beautiful phenomena. But enroful 
training in the knowledge of the constellations and in the 
three launches of work just mentioned will be the beat 
possible preparation for properly observing Aurorro when 
they set. in again. And this is most important. After a 
groat, display it is very easy to collect a number of most 
vivid and picturesque descriptions, but. really useful and 
scientific' accounts are apt to bo sadly wanting. 

Fifthly, at rare intervals of tinio wo are favoured by the 
visit of Comets bright enough to bo easily seen by the naked 
eye, and which indeed are sometimes of great magnificence, 
The determination of the positions of such an object, day 
by day, or the examination into the minute details of its 
structure lie beyond the powers of the astronomer without 
a telescope. But some work still remains for him to do ; he 
can trace out the faint contour of tho tail amongst the stars 
night after night, and from its apparent form can supply 
so mo material for deducing tho composition of tlio body. 

Sixthly, tho rare event of a Total Eclipse of tho Bun 
offers several opportunities for work without the toloHoopo. 
Drawings of the corona have still a certain useful ness. 
Observations of tho “shadow bands,” of the general illumina- 
tion as compared with the illumination during twilight ; ot 
tho stars and planets visiblo during totality ; and of tho 
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changes in tho coloration ol! sky and soa and laud, all have a 
certain interest, and value. 

OC these six branches oti astronomy tlm first four arc 
essentially for the naked eye. There aro three others — 
namely, those of Variable Stars, of the search for New Stars, 
and of the study of Star Colours — in which an appreciable 
amount, of work may he done without any telescope at. all, 
hut in which tho possession of a good opera-glass greatly 
adds to tho number of objects which aro brought within the 
observer’s reach and to his power of dealing with them. It 
is my intention, therefore, in this hook not to limit myself 
entirely to work which can ho do no without any optical aid 
at all, hut to include in “ Astronomy without ti Telescope,” 
observations for which a good field-glass will sulUeo. 

My program mo, therefore, may ho divided into lour parts. 
First, the study of tho configuration of tho constellations, so 
that the principal stars may he easily recognised. And in 
this connection it in ay ho permissible to touch lightly on the 
origin and meaning of the constellation figures, and of tho 
names of particular stars, which have come down to us from 
remote antiquity. For this is also in its measure and 
degree, “ Astronomy without a Telescope.” Second, simple 
observations with the naked eye of tho chief apparent move- 
ments of the heavens, which may prove serviceable for 
training in tho habits of astronomical work. Third, obsorva- 
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fcions for which the unassisted eye is. the proper instrument, 
that, is to say, of Meteors, the Galaxy, the Zodiacal Light, 
and Auvorro ; or for which it may have a limited efficiency in 
some directions, as with Comots and Total Eclipses. Fourth, 
observations for which the naked oyo is able to accomplish 
some little work, but in which its efficiency is greatly in- 
creased by the help o£ an opera-glass, as of Variable Stars 
and of Star Colours, 
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. CHAPTER I. 

Origin op this Constellations. 

The workman is nothing without his tools. Kn* tint 
astronomer in general these are his telescopes ; his transit 
■circle ; his equatorial. But the fathers of the science hud 
none of those, ancl they supplied the want by making them- 
selves thoroughly acquainted with the groupings of the stars. 
The naked-eye astronomor of to-day is compelled to follow 
thoir example. The stars are his reforoneo points and lm 
must know them thoroughly; ho cannot know them too 
well, and the more complete and exact his acquaint unco with 
them, the better he is equipped .for his work. It is 1> y tho 
stars that ho marks the beginning and ending of a motnir’s 
flight ; by the stars ho lays down tho windings and cliiuinols 
of tho Milky Way, or the soft contours of the Zodiacal Light. 


OHIO IN OK TIIN COX ST KJ/I , A T IONS. 


I Imvo felt it', therefore, necessary to preface my notes on the 
various depart molds of “Astronomy without, a Telescope ” 
by a Ncries of “ (JoiiHtellalion Studies ” ; an introduction of 
the student, 1 would hope, to fuller, more intimate 

acquaintance with the stellar groupings which continued n.nd 
careful star-study will soon give to him. 

Whet), where, or why, I ho coiiHlelhdioim were designed 
and their names given them, are questions which have 
received mueh attention hut which remain without it, eon>~ 
plot o solution. Tint sources from which light can emue on 
lht>st\ questions may ho divided under four chief bonds. 
l |, irsl, i olk-lore, or oral tradition. Thin is a rapidly, 
vanishing factor, ami, on that account, it is the more In 
t,,! desired that those who are brought. into contact with 
tlm i st i la ted peoples in the corners of the ourtli should lost' 
no opportunity of trying it. lind mil, wind, those have noticed 
about the stars, wind, special groups they recognise, wlinf 
names they have given them, and wliat. I.mdilhum they Imve 
preserved about them. Next, wind, may lie culled dmm- 
m entnry evitleuce; idlusions in tdtiHHieu.1 writers, am I in Mio 
astronoimeal records of India and Ohiua. Thirdly. what we 
may term- -to use a popular and convenient, though mmie- 
wind, inappropriate expression the “ Ansyriologind " Hniireu; 
thtt evidence of numnments and (ablets reeently discovered 
in the valley of the Kiiph rates, This sourm promises to he 
tlm most, fruitful and significant, reaching hack into n, groat 
antiquity, though if has come into our bunds hut. lately. 
Mr. Unhurt, Jhwii, .Tunior, in particular, has followed up 
this subject for many years with Mm greatest industry, mid 
has traced hade many of the ei.iisMIntioiiN beyond the 

(,n ‘ u3iH whom we received them, and Urn Heniifie 

I In hyloniaiiH, to whom the Greeks wen* in their turn, in* 
delifed for them, to those Turanian peoples wlm inhabited 
Mesopotamia before the Neniilm iimiHion, the Akkadians 
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and Sumerians. Lastly, there is the ovidonco of tin; eon- 
stellation groups themselves. This internal evidence is 
necessarily very limited in its diameter, yet so far as it 
goes, it is the most important and unmistakable of all; 
and is especially valuable when it can bo applied as a cheek 
to assertions or theories based upon external record h of either 
of the three foregoiug categories. To follow up any of these 
researches is also astronomy— " astronomy without a tele- 
scope” — although it is not tho astronomy of observation. 
The chief interest of the evidence afforded, by tho last-named 
source is the light which it affords as to the time and place 
when the constellations were devised, and tho reasons it 
supplies for concluding that they were designed for tho 
most part on a deliberate plan. 

It is sufficiently well known to everyone that 48 of tho 
constellations come down from extremely ancient times, 
The places of the principal stars aro givon in “Almagest,” 
Ptolemy’s great Catalogue, date about 187 A.n. This was a 
revision of the Catalogue of Hipparchus, date about 140 km. 
There is also a very full description of tlio constellations in 
the poem of Aratus of Soli, the “Phenomena,” date about 
280 b.o., which was a versification of ail astronomical work 
°f Eudoxus, date about 870 n.c. 


The 48 constellations, therefore, lmvo a clearly recorded 
wtory of about 2300 years. But their origin can, by 
inference, be pushed back to a far earlier date. Tho poem 
o Aratus contains clear internal proof that it was not based 
iipon actua observations made in Greece by either Aratus 

Ut Up ° U a deSCripfci011 of tll ° Avoirs made 

6 i ' ThiS lmS beGl1 from tho 

nces to the places of the equator and tropical circles 
and of the rising and setting of stars. 

But their origin can be pushed back further still. If tho 
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eld 4B ooiiHlulluiionH tiro plotted down on a globe, it in itl, 
oneo perceived tlm-t they leave a largo portion of the why 
uncovered. Tlio reason for Mim in obvioun. Tlm Hlura not 
included in the <JB coiistollnlimiH did not ri.su above tin* 
horizon of the place whore their doHignorn lived, and, 
therefore, limy did not hou them, mid could not, include 
them jn tlmir Nohomo. Tim contra ol' tliin void apace muni 
hav.i boon tho celestial S. polo of that dale, and iU radiun 
KivuH, approximately, Urn latitude of tho place. Thin was, 
roughly speaking, N. lat, 88", and tho date not very far 
whorl of 51000 iu.i. j Kay 2800 n.i;. Jb\>r preccNHiun bun carried 
round the “ first point of Alien, " an wo now call it, Mm point 
where tho huh i« at tlm spring eijuiiio.v, aonio (Mi 0 , cor* 
leHponding to dadO yearn, hiuco tho eoloNliul H. polo wuh in 
tho centre of that unmapped apace. 

Tim longitude of tho place of origin in not, directly 
indicated, hut ilm presence of the lion and Mm bear 
amount Mm (dollar furniH, and the absence of the elephant, 
tlm camel, the tiger and the crocodile mteni to exclude 
India towards tho east and Kiirupo towardu the west,, 
and taken with the indication oi latitude already found, 
emilhm the noareh to Asia Minor and Armenia. The 
internal evidence, therefore, fully coiifirmH Mr. 'Hubert 
hrown, when by an entirely independent method he 
I nicks the constellations back to the head of the Kuplmiles 
valley. 

The date derived above brings out a, number of interesting 
relations. Tile coimtellation figures were all arranged so 
an to ho either upright when on tho meridian, or Hue 
recumbent; they were not inclined to it. Then the 12 
HigUH of the Zodiac were Hym metrically divided by Uto 
eolimm. Tho spring equinox wan in tlm middle of Mm 
Hull, tho autumnal m the middle of tho Hcorjuon, Mm 
Hummor hoIkMcu in the middle of tho f/ion, and Urn winter 

a 
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in the middle of tho ‘Water-earner. The irregularity in 
the size of tliesc constellations rondered a symmetrical 
division impossible in lator times. 

This is an important deduction, for it clears away a- 
number of theories which have been started at different 
times to account for the origin of tho constellation figures, 
and which assume that Aries, tho Ram, was the original 
equinoctial sign. Even apart from tradition —and tradi- 
tion is on this point clear and conclusive — it ia certain 
from the position of tho constellations fhomsolvOH that 
they were mapped long beforo tho spring equinox entered 
Aries. 

Further, so far as tho figures thomselvoa allow of tho 
indication, that is in nine cases out of tho twelve, all 
tho ascending signs of tho Zodiac faced towards the cast, 
all the descending towards the west. This arrange- 
ment can scarcely he fortuitous, and is but one of many 
considerations which afford evidence that tho old 
constellations in general are not the rosult of elniimo 5 
one man in one country making a constollation at one- 
time, and another man in another country making another 
constellation at another time, and so on, but that they 
form substantially a single document, arranged by one 
man or set of men, in a comparatively short space of time. 
Relatively speaking, they were mapped out at one time- 
and in one place. 

The people who mapped out these constellations wore 
no savages ; they were real astronomers, however ele- 
mentary their astronomy was. This is clear from two- 
circumstances. First they mapped out the apparent 
course of the sun during the year by tho 12 signs of 
the Zodiac ; by no means a simple thing to do. It; 
might have easily been dono indeed, indirectly by means- 
of the moon’s mean path, but it is clear that it was. 
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clone directly and independently of tho moon; for the 
" mansions of tho moon,” 2 7 or 28 in number, belong io a 
different system of astronomy. There is no doubt of the 
supromo importance of the ecliptic in the astronomy of these 
unknown ancient people, for the 12 sign* by which they 
marked itlmvocomo down to us by numerous different and 
independent paths. Egypt, Arabia, Babylon, Fomin, and 
India alike show ns the same 12 designs ; the minute differ- 
ences between thorn only accentuating tho reality of their 
common origin. 

A. further note is supplied by the care with which the 
pole of tho ecliptic is marked by tho folds of tho Dragon. 
Tho ecliptic is tho path of the sun, tho lord of light. The 
polo of the ecliptic is the point furthest from his illuminated 
course. Hero there is fixed the fabled creature which 
symbolises darkness, cold, eclipse, and night ; and with 
these, evil and death. 

To determine tho positions of the ecliptic ami of its pole 
was a tusk far beyond tho power of a mere savage. It 
required no mean amount of skill, observation, and thought. 
The polo of tho equator is easily identified ; and the equator 
can with very little trouble be made out, Jim; those were 
left unmarked. Had they been precisely marked the date 
could have been fixed within a few years instead of within a 
few centuries. 

But though tho constellations wore mapped out bv 
astronomers, they did not commit astronomical convenience 
in mapping them out. Six obvious canons should have been 
oboyed had this been the guiding idea. 

1. Tho constellations should have boon roughly of equal 
sim 2. They should have conformed, as far as possible, to 
tho natural configuration of the stars, a. They should 
have boon compaot, not sprawling ami irregular. 4, The 
designs should have been, as far us possible, distiiiclivu ; 

2 


o 
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the samo form not being repeated. 5. In no ease 
whatsoever should two constellations have boon inter- 
mixed. G. And they should have covered the whole 
visible sky, leaving no large tracts of space or bright 
stars unincluded. 

All these six canons, except the second, are violated per- 
sistently. The constellations are extravagantly unequal in 
size. Ursa Major and Argo occupy spaces on the celestial 
globe which we might likeu to the Russian and British 
Empires on the terrestrial ; whilst the Triangle and Arrow 
might be paralleled to Sicily and Crete. Hydra sprawls 
across 100° of longitude, two-sevenths 6f the entire circle. 
Of the 48 figures, Which may ho reckoned as increased to 54 
by subordinate figuros, 38 are the ropotitions, more or loss 
frequently, of Rome II forms. There aro ten men, 
four women, two centaurs, four fishes, four serpentine 
monster’s, two goats, two boars, two crowns, two streams, 
two dogs, and four birds, including two eagles. Whilst 
of intermingled constellations, we have a fino illustration 
in Opliiuclius, sharing the same stars as Hercules for his 
head, his foot plunged right into the head of tho Scorpion, 
and his body inextricably mixed up with tho coils of tho 
Serpent. 

The second canon 1ms had some attention paid to it. One 
or two constellations have evidently been fitted to tho 
stars which they include, and were possibly evon suggested 
■ by their natural configuration. The Northern Grown and 
the Scorpion are, perhaps, the two host examples, and it 
has always seemed to me possible that tho Great Bear 
took its name and form from the tlirco strikingly placed 
pairs of stars which might possibly have suggested tho 
idea of the feet of a great plantigrade animal. But 
in general, the natural configuration of the stars givos us 
no clue whatsoever as to the origin of the constellation 
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figures. Take Pegasus as an examplo. Hove aro four 
stars almost in a square, a striking natural configuration. 
But one of these stars lias been detached to form part 
of another constellation, Andromeda, and the otlior three, 
which form a right-angled triangle, are taken to represent 
a Iiorso, but not a whole horse ; a half horse, winged, and 
upsido down. 

Astronomers then dosighod the constellations, but 
not purely for astronomical purposes. What purpose 
had they then ? Two are vory commonly ascribed to 
them. The first supposes that the 12 signs of the Zodiac 
were devised to sot forth tho seasonal characteristics 
of the month when tho sun was in that particular sign. 
This explanation is vory plausible at first sight, but docs 
not bear examination. First of all, it oxplains only 12 
constellations out of tho '18. Next, tho constellations 
of the Zodiac do not correspond to months, but am 
of most irregular lengths; the Virgin represents nearly 
six weeks, the Grab not much over a fortnight. Thirdly, 
tliero is no country with which we nro acquainted 
tho climate of which could ho represented by tho .12 signs 
as thoy stand. And lastly, tho theory assumes that Aries 
was the equinoctial sign, when tho Zodiac was devised, 
whereas Taurus was. Tho otlior idea is that the shepherds 
of Western Asia placed in tho sky tho fancied representa- 
tives of tho /locks and herds which formed their wealth, 
and of the hears and lions from which thoy had to 
defend them. This idea is also open to some grave 
objections. If the starry figures had meant; no more than 
this, and had boon freely placod in tlio sky by anyone 
who chose, it is impossible to think that tho process would 
have come to so sadden a termination 5000 yours ago. 
Not only was there no effort made to map out tho 
southern circumpolar regions as men became acquainted 
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with them, but large tracts of sky wore loft unmapped 
in the northern heavons, and these wore loft in this 
state for many generations. Two constellations alone 
were added to the old 48 within early historic times. 
The first, Equulaus, is simply a slight expansion and 
reduplication of Pegasus. Tho other is Coma Berenices, 
and obtained a sort of brevet rauk through tho courtly 
ingenuity of Conon, the Astronomer lioyul to Ptolemy 
Euergetes. Even, here there is some reason to think that 
he simply gave a new name to an old, an almost forgotten 
minor astorism. If the constellations had been an ovolution 
in the sense in which this theory supposes, no reason can ho 
suggested why it should have been suddenly arrested 5000 
years ago. 

’Whatever was the history of tho constellation symbols 
it is clear that they were deliberately designed, and 
designed as a whole. This is proved by tlm fact that 
some of the figures are placed in 'altogether unnatural 
attitudes, attitudes which havo boon pvosorvod for 
thousands of years. Take, for exatnplo, Aquarius pour- 
ing a stream of water from his ewer, not upon a plant 
or before his sheep or cattle, but upon a fish which does 
not swim in the water but eagerly drinks it in. Tho 
next sign is more striking still. On the seasonal theory 
Pisces represents the opening of the fishing season on 
the brealc-up of the winter’s ice, hut tho fishes are not 
represented as netted or hooked by the mouth, hut as 
being tied together by rings slipped over their (ails. 
In other cases the accessories of the figures are clearly 
significant, e.p., the fish-tail to Caprieornus, tho lyre 
round tlie neck of the eagle Vega, tho wings of Virgo, 
the chain of Andromeda, the chair of Cassiopeia, It 
is at least probable that there is deliberate design in tho 
circumstance that three figures are truncated, Taurus* 
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Pegasus, and Argo. Then in several eases there are 
groups of figures which form something like a connected 
story ; Hercules and the Dragon, Perseus and Andro- 
meda are examples. Even where this is not the case 
figures of a similar character are gathered together with 
evident intention'; one region of the sky is devoted to 
the Birds; another to the Pishes and other watery 
symbols, The Zodiac is clearly intended to form an 
integral whole, but some of its signs are connected with 
signs which lay outside, such as Aquarius and the 
Southern Fish, Opliiuehus and the Scorpion. Of the 
whole forty-eight constellations there is scarcely one 
that iB wholly without some sort of connection with 
neighbouring figures. 

Tho ancient constellations woro thoreforo designed nearly 
iivo thousand years ago by a people dwelling somewhere 
botweon the AJgean and tho Caspian, probably near tho head 
of tho valley of tho Euphrates, a people which domesticated 
tho sheep, goat, hull, dog, and horso, which hit ntecl tho hear, 
lion, and hare, and used tho bow and the spear, for all these 
are represented, and in those connections, in tho sky. They 
had made somo progress in astronomy, and woro suffi- 
ciently organized for (ho work of constellation making to 
bo carried out on a deliborato plan, and to rocoivo general 
acceptance. 

Tho constellation figures may not all have boon transmitted 
to tho present time without alteration. Tlioro is somo ques- 
tion about tho zodiacal sign of the Balance. Ursa Major 
and Ursa Minor may not originally have been hears, but 
rather waggons or chariots, and so also with two or three 
other groups. But many significant little details seem to 
show that the constellations, as a whole, have boon preserved 
without important change. 



CHAPTER II, 


The Great Star Clock in the North. 

The stars wear a very different aspect to the astronomer 
with a telescope and the astronomer without. Thu former, 
deep in his observatory dome, sees hut a narrow slice of the 
sky through the open shutter, and the starry groupings us 
such have little or no significance for him. If ho wishes 
to bring a star within tho field of his instrument, he 
does not as a rule seek it out first on tho sky, and thou 
fiim his telescope at it, like a riile, by its sights. Instead 
lie refers to liis catalogue, reads therein tlio right uscon- 
sion and declination of tho object, turns ' his instrument 
until its cirelos are set to tho readings indicated by tho 
catalogue, aud then, last of all, moves his dome round 
until tho shutter opening is opposite tho object glass. 
The names of the stars, tho constellations in which they 
are found, have therefore very little significance for 
him. The important things for him to know are tho 
lioui, minute and second to which tho one circle must 
bo set; the dogree and minuto to which tho other. 

Not so with his brother worker. Ho stands out under 
the open heaven ; no graduated cirelos guide his gaze 
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to thin star or tlmt, For him, if ho will know precisely 
to what part of the heavens lie is directing his attention, 
it is necessary to he able to recognise the individual stars. 
In this work differences of brightness anil colour are no 
small help, but by thomselves would be perfectly inade- 
quate guides to the recognition of the great majority 
of the stars. That by which one star can bo recognised 
from another is in most cases its grouping with the rest. 
The knowledge of such grouping, a perfect and (puck 
recognition of the figures, real or imaginary, which the 
stars make up amongst thouisolvos, in a word ti know- 
ledge of the constellations, is the first essential for the 
direct obsorver. It was so from tho very beginning. The 
first astronomers necessarily had no telescopes, and equally 
of necessity the first groat astronomical enterprise was 
tho dividing out of the lioavons into constellations, tlus 
ascribing certain imaginary figures to particular groups of 
stars, and tho bosfcowal of names upon individual stars them- 
selves. 

Tho same necessity makes itself felt in every branch of 
science. Before any progress can bo made, the objects 
recognised in that science must bo named. Until they 
are named they are undistinguished and undistinguisli- 
alile. So far as we arc concerned they remain without 
properties, ono might almost say without existence j once 
named, a knowledge of their properties and peculiari- 
ties begins and a whole new field of research is opened 
out. 

And oven without this further knowledge, how great 
an interest is given to any object by tho fact that we 
know its name. Take sonic town children out into the 
country, and sot them to gather wild flowers, how instantly 
they ask their names, anil how much their beauty is in- 
creased iu their sight when those names arc taught them. 
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And so to-day we lire continually hearing tho complaint of 
Carlyle repeated : 

“Why did not somebody tench mo tho ooiiBteUotioii*, mid mnko mo 

«t home in tlio stavry limivous, which arc.* always overheud and which 

I don’t half Imow to this day P ” 

So the work of learning the stars, though it may involve 
some self-denial, and brings no reward in tho shape 
of “magnificent spectacles,” has a charm of its own. 
The silent watchers from heaven soon become each one 
a familiar friend, and to any imaginative mind the sense 
that he is treading the same path as that, traversed by 
tho first students of Nature will have a h trail go charm. 
With the “Poet of tho Breakfast Table” he will feel 
himself linked to the groat minds of the deep unmeasured 
past. 

“I urn ns old ns Egypt to myself ; 

“ Brother to them time squared the Pyramids. 

“By tho samo stars I wulch," 

However often, therefore, tho work of teaching the con- 
stellations may liavo boon undertaken, it forms an insep- 
arable portion of my present task. 

To us in England, with our high northern latitude, the 
stars which never set are the first the study of which wo 
should undertake, Thoy are always prosent, they cover 
more than one-third of tho entire sky visible to us at 
any moment. Thoy include many conspicuous stars, and 
form an admirable guide to tho constellations beyond tho 
circumpolar region. Constantly revolving round the polo, 
they form, as it were, a magnificent dial plate, marking 

at the same time the progress both of tho night and of 1,1m 
year. 

Ihe chief constellation of this region is tlm (Trent 
Bear, the leading stars of which are tho Seven, which have 
won the attention of all races of men in all ages. The 
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seven slars of I lie Plough or Olmrlos’ Wain (I, he waggon, 
that- is to say, of ilie churl or peasant) are known hi 
everyone, ami form the inevitable starting point for Uin 
study of the constellations. Of these seven stars, wliioh 
at midnight on the first of April are practically over- 
head, the greater part of the constellation being already 
on the downward path towards 1.1 1 o west, the two first 
uro Alpha and beta, the second pail* Uaimnn and .Delta, 
the four making up the body of the plough, whilst 
Epsilon, /eta, and Eta form the handle. Della is dis- 
tinguished us being much the faintest of the seven, tfetu 
by its close companion, Aleor, visible to any ordinarily 
good sight. 

Each of the seven stars of the Plough, has, like Aleor, 
its own special name derived from the Arabic, but they 
are more generally known by the letters of the (I reek 
alphabet,* and are referred to as Alpha, Pula,, (hmuim, 
etc., Ume Majoris. The other chief stars of the eon- 
stellation are very seldom referred to except by (be 
Greek letters, their Arabic names having panned out of 
use. 

Regarding the constellation as tint “Great Hear,” (ho 
four stars in the body of the Plough make tin* hind- 
(juarters of the animal, whilst the handle becomes the bear’s 
tail. The feet of the bear are clearly pointed out by a 
curious set of three pairs, lota and Kappa make the first, 
lambda and Mu the second, JSln and Xi the third. These 


* The ilm*k Aljtlmlicl is ns follows : — 
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form tlio groat plantigrade foot of tho animal, aiul tiro " the 
(loos' leaps ” of tho Arabs, 

A Line drawn from Zola through Alpha and carried 
forward tho same distance tho other side brings us to 
the fourth magnitude star Omicron at the point of the 
creature’s snout. These stars oiuiblo the boundaries of 
the constellation and tho figure which it is supposed to 
represent to bo easily dotocted in tho sky. .Beta and Alpha 
are commonly known as tho “ Pointers,” for as tho “ poet ” 
sings : 

“ Whore yondor radiant lioal» adorn 
The northern ovoning shy, 

Sovon stars a splendid glorious train 
First fit the wandering oyo. 

To deck groat Ursa's shaggy form 
Those brilliant orbs combine, 

And whoro tho first and second point 
There bco Polaris shine. 11 

A straight line from Beta through Alpha points vel*y 
nearly up to tho polo of the sky, tho distance being just 
a little greater from Alpha to tho polo than from Alpha 
to Eta, and close to the polo shines tho Polo star, a brilliant 
of the second magnitude, and placed at the end of tin* 
tail of tho Lessor Bear as Eta is at the tip of that of 
tho Greater. 

Starting from Epsilon Ursui Majovis, tho star in the 
Groat Boar’s tail nearost tho root, and crossing the North 
Pole, wo find on the further aido of the Pole, right upon 
tho sparkling background of the Milky Way, horn almost 
at its broadest, five stars in tho shape of a W, the principal 
stars of tho constellation Cassiopeia, the “Lady in her 
Chair. At midnight on tho first of April, this group is 
low down in tho north j tho W being, as it were, written 
in a dropping line from left to right, that is from west 
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to oast, as if scrawled by n thud writer. Tlio lettering of 
tho stars is nearly but not quito in tho reverse order of 
writing. Pending from left to right they come Mpsilmi, 
Delta, Gamma, Alpha, IBetn, tlio three lust mimed being 
distinctly bri filter than tho other two. 

Starting from Cassiopeia, and following the Milky Way 
towards tho west, wo find a, number of shirs marking out 
tlio spino of tho Galaxy, and bonding down in an elegant 
curve to the bright somewhat yellow star in tlio north- 
west. Tho stars in this curve aro tlio principal nienihoi'H 
of tho constellation Perseus, and the bright yellow slur 
at the end of the curve is Capelin, Alpha in the constella- 
tion Auriga. It is a star impossible to mistake, since (done 
beside it. is a very pretty little right-angled triangle of 
moderately bright stars. 

Not far from Oapolla is a bluish-white star of tho second 
magnitude, Moukalimm, or beta, in the constellation Auriga, 
in which Oapolla is Alpha. On a straight lino from Hol.a 
A.urigiu through the Pole Star, and rather further from 
tho Pole Star on tho other side, is a splendid steel-blue 
star, Vega, the rival of Oapolla in brightness, the two 
being claimants for tlio premiership of the northern 
heavens. The live bright stars which wait upon Vega in 
its immediate neighbourhood, and of which tho nearest, 
Lpsilon, is a very close double to keen Night, make, up 
with it the constellation of Lyra, a constellation which 
lies for tho most part outside the eiroum polar circle for 
the latitude of London. 

The chief guiding stars, therefore, for the northern 
heavens, are the well-known Plough, tho scarcely less 
•distinctive little W of Cassiopeia on the opposite side of 
the .Polo, and the two great brilliants between them on 
Mm right hand and on the left, Oapolla and Vega. All 
those aro continually visiblo for Scotland and the North 
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of England} for tho southern part of our inland Yoga is 
lost for a short time when duo north. 

To watch these northern constellations as they follow 
each ofchor in regular ceaseless procession round the I’olo, 
ia ono of the most impressive spootaelos to a mind cnpalde 
of realizing the aetual significaneo of what is seen. Wo are 
spectators of the movement of ono of Nature's machines, 
tho vastness of tho scale of which aiul the absolutely 
perfect smoothness and regularity of whoso working so 


KKNITU. 



ItOlUZON. ' 

Fig. 1, — Looking north at Midnight on Januaky lit. 


utterly dwarf tho mightiest work accomplished by man. 
The sense of this ceaseless motion, and of its perfect regu- 
larity sank deep into tho minds of tho earliest observers, 
and had much to do with the sacred, or at least somi- 
saevod character, which attached to the study of astronomy 
in those ages. But beyond this, there was tho actual 
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practical value of the movements of tills great, celestial 
clock. An observer, witching through the hours of a 
wintoi s night, will seo the Plough low clown in tlio north at 
(irst, raise itself little by little towards the* oust, reaching the 
zenith about 5 o’clock in the morning, and at, daybreak bo 
moving downwards in the west.. Since tho stars reach 
any given position in tho sky about four minutes earlier 


'/KNJ'J'H. 



kuhikon. 


I'm, 2. — Looking north ut Midnight on IhumuAitv Hi. 

on each successive night, the positions of those four con- 
stellations not only show how far tho night is advanced on 
any particular occasion, hut if observed night after night at 
tho same hour they act as a ealondar to murk the progress 
of tho year. Tho twelve little diagrams hero given avo 
intended to show roughly tho relative positions of those four 
constellations and of tho Pole Star as soon by an observer in 
tho latitude of London who faces duo north. Tho Jlrst 
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diagram shows their aspoet as scon at midnight in Mu* 
middle of January, tlm next gives Mn* sumo view for mid- 
niglit in the middle of February, 1,1m third for midnight in 
the mulcllo of March, and ho on. Or wo may regard Minin as 
representing two-hourly intervals in tlm course of any given 
night. 'Thus for the night of Jannary 1, No. *.* (the 
September diagram) would represent tlm appearance of Mm 
shy at 5 o'clock in the evening, No. 10 at, 7 o'clock, No. 1 1 a I, 
9 o’clock, No. 12 at 11 o’clock, and No. I at 1 o'clock in Mm 
morning. Nos. 2 and 53 and 1 would in like manner repre- 
sent tlio appoaraneo at il, i) and 7 o'clock in tlm morning 
respectively, so that eight out of tho twelve diagrams would 
be soon during a single night. 

The following table shows tho hours during any par- 
ticular night represented by the different diagrams, ami the 
dates throughout the year which they represent for any 
.given hour of the night: — 



days ayd houbs bepbesexted by the diagrams op the xobthebn stabs. 
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ZENITH, 



ZENITH. 



HORIZON. 

Fig. 4— Looking north at Midnight on April 1G, 


X^9T, 




WXST. 
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ZENITH. 



HORIZON. 

Jiiq. C. Looking uot'tli ufc Midnight on May ll». 
zenith, 



HORIZON, 

Fra. 0.— Looking north at Midnight on Junk U. 

i> 2 


EAST. 
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KlU. H, mu ill nt int Aitx«t 14. 
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V.KNiTH. 



IIORIHW, 

I 1 m, 0. Looking north nt Al itln ij;!i *■ oti SurruMinut 14. 
k return. 



iroBizott. 

1'ra. 10.— Looking north ut. Midnight, on OoTomut 1.4. 


war, 
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KK Nil'll, 



HORIZON, 

Fig. 11.— Looking north at Midnight on Noyhmiiku 14. 

ICKITII, 



jiohizon, 

Fig. 12, —Looking north nt MidnighL on Dkokmubh 14. 
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In diagram No. 1 Oapolln, is very nearly in tlio zonitli, 
Voga right down on the norihorn horizon, whilst the Plough 
in high on the oast, and Cassiopeia is lovol with tho Polo 
Star on tho west of it. In No. <t< the last star in tlio Plough 
Handle is not seen, for it passes the meridian a little to the 



Eta. 13. — Tho Oliiof Cimunpoliu 1 Strtw, Midnight, April let. 
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south of the zenith, and therefore ia right over our observ 
head, and, since he is facing northward, somewhat beb 
his back. In diagrams 5, 6 and 7 Vega is not seen, for i* 1 
those that star is to the south, and therefore boliincl 
observer's back. In Nos. II and 12 Oapolla and Beta A.ur* 
are out of view intlio same manner. In No. 12 the pla.ee 
Voga just bolow the horizon in the north is indicated. 

Besides the seven stars of the Plough, the five stars 
Cassiopeia, Yoga, Oapolla, and Beta Auriga) three start* 
shown of TJTsa Minor. The centre star of the diagrams ii 
course the Polo Star, Alpha Urea) Minoris j the othor 
stars shown are the other two brightest stars of the c 
stollation, Beta and Gamma, and they are added to incli< 
the way in which the Lessor Boar swings round in tho 
with tho. tip of his tail as pivot. 

The accompanying map allows tho position of the circ 
polar region with regard to the north horizon at midnigtvl 
the first of April. The figures ranged round tho oiro 1 
foronco of the map show tho position of tho north poitil 
tho horizon for hourly intervals of the day and night at i 
tiino of tho year. For other dales in tho year we can fine 
position nearly enough by rememboring that for every ate 
latov in tho year that we take wo must fiIbo talca two li< 
oarlier in tho evening to obtain stars in tho samo position 
if wo tako a siifgte day later in the year then wo must ch< 
our time four minutes earlier. 


CHAPTER III. 

This Nouth CikoumpoziHu Stars. 


'J.'iim first task in tho study of the constellations is to loam 
to roeogniso tho I J olu Star and thoso chief jowols which circle 
louud it, and which mark out with suilioiout nearness tho 
foiu* quadrants — Cassiopeia, Capelin, tho Plough, and Yoga. 
When fuiniliiir witli thoso and with tlioir changing positions 
relative to tho zouith and. horizon, as they swing round tho 
celestial polo during tho successive hours of tho night and 
months of tho year, it is easy to go on to tho study of tho 
lessor details of tho groat circumpolar region. 

I ho constellations that aro either wholly included in 
this region, or vory nearly so, aro eight in number, (ivo of 
thorn ancient j tho othor three, Gamolopavdus, I<ynx, and 
Lacorta, wero added by Hovolius about ItJjJO, but include 
no bright stars, and possoss no easily rooogninod features, 
Iho five anciout constellations, tlieroforc, claim our first 


attontion. 

UBSA MAJOR 

Thoro is no place for hesitation as to which of 
Btollations wo should begin with. 

“ lio who would uerm 1 1 io figured akioa, 

IU brightoBt gomu to loll, 

Mtut ilrat diroofc Ida mind's oyo north, 

And loam tho Hour's atiu-a well " j 


thoso coil- 
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iho seven stare so well known to our own peasantry tin 
the “Plough” or “ Charles’ Wain” Whorevor men have 
taken any notice oil the stars at all thoso seven liavo been 
recognised as a natural group, and in earlier agos, being 
then much nearer to the Polo than now, tlioy wore amongst 
tho stars always visiblo, not only to dwellers in such 
northorn latitudes as our own, but as far south as tho tropic, 
of Cancer. It is easy to sen how the names of “ Plough ” 
or “Wagon” for thoso seven stars have arisen; their 
natural configuration has suggested them. Tho three stars 
bolow, as wo look at the constellation at midnight in tho 
autumn of tho year, suggest juBt tho kind of curve of a 
plough handle ; and tho four abovo in a rough rectangle 
present tho ploughsharo. Or the four stars abovo may 
bo considored tho four wheels of tho rude wagon of which 
the throe below roprosont tho heads of tho throe horses. 
“Chariot” or “Wagon” tho seven stavs have boon not 
only in Northorn .Europo in our own time but in ancient 
Greoco, and still more ancient Babylonia. Aratus writes of 
tho Polo * 

“ Two IloarB 

Culled Wains movod round it either in hor place.” 

And Homer says that on tho shield of Achilles were 

“ All thoso stars with which tlio brows of iimplo hoavon aro crowned, 
Orion, nil tho Pleiades, and Uiobo sovon Atlns got— 

Tho oloBo-bofunocl Jlyudos, tho Boar surnainod tho Chariot.” 

But how tho constellation got the name of the Bear is 
far harder to explain, Tho Sanskrit name “ Itikslni ” 

signifies both “Boar” and “Star,” that is, “bright” 

or “Binning” one, and tho lattor word — very justly 

applicable to tho sovon stars, as being pre-eminently 
tho stars, tho shining onos of tho northern sky-may 

perhaps havo been puuningly represented by the figuro 
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of a boar. But this assumes that the title is Aryan 
in its origin, which is indeed far from certain. In 
default of a better theory I am myself inclined to think 
that the three striking pairs of stars below the Plough 
suggested the feet of a great plantigrade animal. Tho 
lesser Bear no doubt obtained its name from tho greater, 
since its principal stars are a distorted and faintor copy 
of tho soven brilliants of its near neighbour. Classical 
tradition, according to Aratus, held that thoy were 
transferred to heaven as a reward for hiding Zeus in 
Crete, from his cannibal fafchor Kronas, or also the 
Croat Bear is Callisto, ono of Zeus’s many loves, and 

Areas, the Lessor Boar, her son. Tho seven great stars 

of the Plough are now known hy the first seven lottors 
of tho Creole alphabet, proceeding in ordor from the 
front of tho ploughshare back to the handle. Tho 
names which they popularly boar at tho present day 

are as follows Alpha is Dubho, that is, tho “bear ”5 
Beta, Morale tho “ loin ” ; Comma is Pliocda tho 

“thigh”; Delta, the faintest of the soven, is Mogrez, 
"tho root of tho tail”; Epsilon is usually colled 
Alioth 5 but whether this name has much authority is 
not clear 5 Zeta is Mi/.or, n “ girdle ” or “ waisteloth ’’ — 
but this is a comparatively modern appellation ; Eta, 
tho star at tho tip of tho tail, has the most interesting 
name of all, since it is called Alkoid or Bouotnosch 5 
tho two namos together meaning the *' chief of the 
daughters of tho Bier.” It will bo remembered that 
in Job, Chap, xxxvin., tho patriarch is asked, “ Canst 
thou guide Arcturus with his sons?” “ A returns ” being 
the erroneous rendering adopted in tho A.Y. for “y/is/t,” 
tho “Bier” or tho “Assombly.” This star preserves to 
us, therefore, almost unchanged tho name which tho 
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tlio hovou stars so well known to our own peasantry ns 
the "Plough” or u Charles’ Wain.** Wherever men have 
taken tiny notion of the stars at all these seven, have been 
recognised as a natural group, and in earlier ages, being 
then much nearer to tho Polo than now, they were amongst 
the stars always visible, not only to dwellers in Kiieh 
northern latitudes as our own, but as far south as tlio tropin 
ol ! Cancer. It: is easy to sen how tho names of ** Plough ” 
or “Wagon” for tlioso seven stars have arisen ; their 
natural configuration lms suggested them. Tlio throe stars 
bolow, as wo look at tho constellation at midnight in tho 
autumn of tho year, suggost just the kind of curve of a 
plough handle; and tho four abovo in a rough rectangle 
pro sent the ploughshare. Or tho four stars abovo may 
bo considered tho four wheels of tho rudo wagon of which 
tlio three below represent tho heads of tlio three horses. 
“Chariot” or “Wagon” tho seven stars liavo boon not 
only in Northern ICuropo in our own time but in ancient 
Greece, and still more ancient Babylonia. Aratus writes of 
tlio Polo 

“ Two Bearn 

Called Wains moved round it oithor in hor plnoo.” 

And Homer says that on tho sliiold of Achillos wore 

“ All UiOBO ftfcavB with which tho brows of ample hoavon arc crowned, 

Orion, nil tho l*loiadc8, nrul those boyon Atlas got — 

Tho eloso-bmmsod llyiidos, tho Bear sum Annul tho Chariot." 

But how tho con«tolhition got tlio name of the Boar is 
far harder to explain, Tho Sanskrit name “ Itiknlia ” 

signillcH both “Bear” and "Star,” that is, "bright” 

or " shining” one, and tho lattor word— very justly 

applicable to tho seven stars, as being pre-eminently 
tho stars, tho shining ones of tlio northern sky — may 

perhaps luivo boon punningly represented by the figure 
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of a boav. But tills assumes that the title is Aryan 
in its origin, ■which is indeed far from certain. In 
default of a better theory I am myself inclined to think 
that tho three striking pairs of stars below the Plough 
suggested the feet of a groat plantigrade animal. Tho 
1 os hoi Bear no doubt obtained its name from the greater, 
since its principal stars are a distorted and fainter copy 
of tho seven brilliants of its near neighbour. Classical 
li ud i lion, according to Aratus, held that they were 
transferred to heaven as a reward for hiding Zeus in 
Crete, from his cannibal father Kronos, or else tho 
Great Bear is Callisto, one of Zeus’s many loves, and 

Areas, the Lessor Boar, her son. Tho seven great stars 

of tho Plough are now known by tho first soven lottors 
of the Greek alphabet, proceeding in order from the 
front of tho ploughshare back to tho handle. Tho 
names which they popularly boar at the present day 

are as follows: — Alpha is Dubhe, that is, tho “bear”; 
Bota, Morale tho “loin”' Gamma is Phocda tho 

“thigh 11 ; Delta, the faintest of tho sevon, is Megrez, 
“tho root of tho tail”; Epsilon is usually called 
Alioth ; but whether this name has much authority is 
not clear; Zela is Mizar, a “girdle” or “ waisteloth 
but this is a comparatively modern appellation; Eta, 
the star at the tip of tho tail, has the most interesting 
name of all, since it is called Alkttid or Benotnaseh ; 
the two names together meaning tho “ chief of tho 
daughters of the Bier.” It will be romoinboved that 
in Job, Chap, xxxvni., tho patriarch is asked, “ Canst 
thou guide Aretnrus with his sonHi ) ” “ Arcturus ” being 
the erroneous rendering adopted in the A.Y. for “ Aiah ,” 
the “Bier” or tho “ Assembly.” This star preserves to 
us, therefore, almost unchanged tho namo which tho 
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constellation boro at the time wlion tho groat drama of 
Job wan written. 

Ily far tho most interesting object in tho wholo con- 
stellation to tho “ astronomer without a telescope ” is 
Mi /nr with itn near companion Alcor, HO in Manistced's 
enumeration. Mi/.av is in ovory way tho first of tho 
double stars. Aleor forms with it a double to the eye ; 
it has a much closer bright companion which rendered 
it the first double star to lie detected in tho telescope, 
it was tho first double star to be photographed, and it 
was tho first ease in which the spectroscope showed that 
tho principal star, which appears to us oven with the 
most powerful telescope as single, is really in itself double. 
Epsilon Urme Mnjovis marks very nearly the place of 
tho radiant point of a shower of Ursal meteors, the 
date of which is tho 30th of November. 1’or those 
astronomers who add tho opora-gluss to naked-eye work, 
the tltreo stars of tho plough handle and their immedinU* 
neighbourhood offer many interesting Holds. Ho, too, the 
feet of tho Boar, tho three pairs of stars to which 
wo have already alluded, are also worth studying willi 
this amount of optical aid. Tho fore-foot is composed 
of lota and Kappa, Lambda and Mu mark tho next., 
Nu and Xi tho last, 


URSA MINOR. 

Morale and Dublin arc, as is well known, commonly called 
the “ Pointers,” inasmuch as tho straight lino drawn 
through them leads us very nearly to the Polo Slur, 
which is about tho same distance from Dublin as Dublin 
is from Alkaul. The name given it, from its nearness to 
the Polo, Polaris, is so universally applied to it, nowa- 
days, that there is little need to notice tho many Ambit: 
names which it lias borne. An opera-glass, however, 
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sliows us other fainter stars yet noaror fclio Polo, of 
which tho chief is Lambda Ursa) Minoris, just on the 
limit of unassisted vision, whilst Groombridgo 1110 is 
fainter still. Three other stars, visiblo to the naked eye, 
may be montionod as within 8£° of the Polo; Coplioi 51, 
which lies within the boimdarioB of Ursa Minor as tho 
constellation is usually drawn nowadays, though it boars 
tho foregoing designation, which it owes to TIovol iua ; Delta 
Ursa) Minoris ; and Bradloy 3147. This little group of 
stars, though not attractive to tho sight, is of tho utmost 
importance astronomically, sinco its components ouablo tho 
professional astronomer to test tho accuracy with which 
bis transit instrument points to tho north at intervals 
of about two hours. 

Beta atid Gamma aro the only other conspicuous 
stars of tho constellation. Bota was once tho Polo Star, 
or at any rate dividod tho title r61o with Kappa 
D moon is, and hence boars tho namo ICoohab, u Tho 
Star,” that is bo say, tho Northorn or Polo Star. Gumma 
is a wide double star to tho eyo, A1 Farlcadain, the 
“ calves,” usually written Phorlcad on our globos. 

Tho constellation is the seat of sovoral of tho minor 
radiants, In September, thero is ono from tiro neigh- 
bourhood of 61 Cophoi; in April, thoro is another from 
near Gamma Ursio Minoris. 



DBACO. 

Botwoon fclio two Boars, and almost encircling tho, 
Lessor, is a long winding stroam of Btavs, maldng up 
tho constellation of tho Dragon. It is certainly ono of 
tlio most ancient of all,: and is boliovod by many to bO|i 


:,tho orookod aorponfc of Job xxvt, 18, This is fcbo Sor[Kmfcv 


S|- of fclio following linos from “ Aratus ” i* 
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<c Between these two, like to a rivor’s branch, 

A mighty prodigy, the Sorpont twines 

Its bondings vast around; on either side 

His coil thoy movo amt shun the dark blue nea. 

But o'or tho one hie longt.by tail is Htroluhed, 

The otlior's wrapped in coil." 

Alplui Draeonis, sometimes called Tliulmn or 'Has la- 
ban, lies midway between Zola Ursa; Major! s and 
Gamma Urstu Minoria. Alpha .Draecmiw wan Mm original 
Polo Star of tho heavens when the constellations wore 
mappod out, a pre-eminence it must have hold for over 
2000 years. Within this constellation also !h tho polo 
of the ecliptic, almost in tho centre of tho grout loop 
made by tho Dragon's folds. 

At midnight on Now Year’s Day, tho Dragon’s heiul 
reaches down almost to tho north orn horizon, two bright 
stars, Gamma and Beta, marking tho top of its head. 
Of those tho more westerly is of a rich orango tint, and 
is tho zenith star of Greenwich, and as such was specially 
observed by Flamsteed, Bradley, and Airy, tho second 
of whom tnftdo his discovery of tho aberration of light 
in connection with it. Three stars, Ni, Nu, and Mu, make 
up the jaw, Mu being at tho snout. Nu, tho fain tent of 
the throe, is an opera-glass double, 

CASSIOPEIA AND OElMLEim. 

From Epsilon in the Great Boar a lino through Polaris 
leads us to a small constellation, yet ono of tho most 
easily recognisable in the sky, Cassiopeia, tho “ Lady 
on her Throne,” hor principal stars, five in number, 
suggesting a W freely scrawled. Tho only stars of tho 
live which in modern days are often roferrod to I>y their 
Arabic names are Alpha, Sehodar or " Breast "j and 
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Beta, Oaph or “Hand,” or possibly in some allusion to 
her husband Cophous who stands by hor sido, Tho 
latter forms a largor but much loss conspicuous con- 
stellation, lying between Cassiopeia and tho Dragon, 
its four chief middle stars forming a lozenge j tho point 
of the lozenge most remote from Cassiopeia is Alpha, 
Alderamin, tho “right arm,” tho only ono commonly 
referred to now by its Arabic name. Delta is one of 
the most interesting of tho naltod-oye short period 
variables, and an opora-glass double. 

Oophoua and Cassiopeia aro especially interesting since 
they with three moro southorn constellations mako up 
a recognised and unmistakable story pictured in the 
sky ; a clear proof that tho work of original constellation 
making was deliberate and not haphazard, and that tho 
legends there represented woro in oxistonco boforo 
tho star groups woro mado. Brown avguos justly that 
•Oopheus is manifestly a non-XIollonic sovoroign, Ho is 
indeed often spokon of as Ethiopian, but tho Ethiopia 
there meant is not Nubia or Abyssinia, but tho Euphra* 
loan “Cush,” Honco there is no justification for tlioso 
loo prooiso artists and poets who have represented poor 
persecuted Andromeda as a sable beauty, “ black” if 
“ comely.” 

Cassiopoia is a constollntion that well repays opora- 
glass scrutiny, and it also furnishes to tho nakod-oyo 
astronomer several important meteor radiants, of which 
one from noar Delta deserves ospooial notico. It is also a 
particularly favourable neighbourhood in which to com- 
menco tho study of the Milky Way, since tho constella- 
tion passes through our English zonith, It is most 
famous historically from tho appearance of tho colo- 
brated Nova of 1672 — the “ Pilgrim Star which 
farmed very nearly the fourth point of tho square, or 
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rather rhombus, of which Alpha, Beta, and Gamma mark 
the oilier throe points. 

Camelopardus is a great straggling constellation, all 
the stars of which are faint, which lios between TJim 
Major and Cassiopeia, and stretches upwards almost to 
the Pole. 

Another group is Laeerta, the Lizard, a few faint stars 
gathered together by Hovolius to form a constellation fitted 
in between Cepheus, Cygims, Pegasus and Andromo^, 
Except that it marks the radiant point of the Lacortids, a 
meteor , shower, active in August and September, thoro is 
nothing to distinguish the group. Apparently at ono time 
the foreleg of PegaBus crossed this region, siuco Pi Cygni, 
which lies beyond it from Pegasus, boars the name 
Azolfafage, the “ hoof of the horse.” 



CHAPTER IV. 


The Stars of Spring. 



The four groups of bright stars surrounding tlio Polo, 
namely Cassiopeia, Capella, tlio Plough, and Vogft, not only 
servo as hour marks on tho dial plato of the sky, blit are 
most useful as guides to the other leading constellations. 
Tho Plough occupies tho zenith at midnight during tho 
month of March and tho first fortnight of April, It may 
therefore be usefully taken as furnishing a guide to tho stars 
in view during spring. Vega is overhead at midnight at tho 
end of June, and thus rules over tho stars of summor, 
Cassiopeia occupies the orown of heaven during tho first 
fortnight of October, and is thus tho queen of autumn. 
"Whilst Capella and his companion Monkalinan fide at thoir 
highest during the nights of the middle of Docombov, and 
preside over the stars of winter. 
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The nights of spring bring to the meridian the most 
||f;; famous of all tho constellations of the Zodiac ; tho con- 
:i steilfttion, that is to , say, of the Lion, Its primacy is 
fj beyond question due to the fact that the place of tho 
sun at the summer solstice was in this constellation at 
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the time when they were first devised, and no doubt its 


brightest star derived its name, 
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Icing,” from being the chief star of the paramount sign. 
Both names are traditional in many different countries ; 
the constellation is tho Latin Leo, the Hellenic Aewv, 
the Persian Shir, tho Hebrew Ary eh, and the Baby- 
lonian Aru, all alike meaning "Lion”; whilst our 
present name for the star is tho variant, proposed by 
Copernicus, for tho older Latin Kox. • Ptolemy calLs it 
Ba(rt/\nr«os, the Arabs givo it Malildyy, the " kingly ” 
star, and the cuneiform inscriptions of tho HJuphrate&n 


A, Rogulus.' 11. Donolroln. ' ' . I| 

Pro. 14.— Tho Lion uiul llio Plough, V ■'/ 

refer to it as tho "star of the king,” whilst i 
Porsia it was the chief of tho four « royal slurs, 
its placo, however, and not ,ils brilliance, which 

t all 
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the first magnitude stars are its superiors in bright- 
ness. 

Tho constellation of the Lion is very easily found 
when the Groat Lear is known. 

“ 'Neath hor hind feet, ns rushing on his pvoy 
Tho lordly Lion greets tho lore! of day.” 

The Great Bear at this season at midnight is at its 
greatest elevation, and below it towards the south, wo 
find tho Lion. The stars in it aro formed into two 
principal groups ; tho Sicklo, six bright stars marking 
the animal’s head and breast, whilst a Rectangle indicates 
its hinder quarters. A line from Alpha in tho Great 
Bear through the third foot, that marked by Lambda 
and Mu, and prolonged beyond the foot to an equal 
distance, brings us to the centre of tlie blade of tho 

Sickle, whilst another line from Gamma through the 

fourth foot leads to the Rectangle. 

The stars of the Sickle, beginning with tho most 
westerly, run in the following order, Epsilon, Mu, 
Zeta, Gamma, Eta, Alpha. In tho very centre of the 

trapezium made by the first four of those, is tho place 

of tho radiant of tho celebrated Leonid shower of 
meteors, the showers which gave us such splendid dis- 
plays in 1833 and 1866, and to which in truth wo owe 
■our knowledge of meteoric astronomy, sinco they first 
drew real scientific attention to tho subject of meteors 
and afforded tlie moans of solving ’’many of the problems 
which they present. 

The fourth star Gamma is but little inferior to Regulus 
in brightness, and in a telescope it is an extremely 
interesting and beautiful double star. It bears tho 
Arabic name Algieba, meaning “ Forehead,” though it 
is actually situated on the Lion’s broast. It forms a 
fine contrast in colour to Regulus, being distinctly deep 




Srar Jlap Xo. 2; The Region of ihc Lion. 
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yellow, whilst the latter is whito. Gamma, Zota. and 
Epsilon are all interesting as opera-glass objects from 
the companions which a slight optical assistance brings 
into view. 

Leaving the Sickle, we come to the Rectangle, tho 
four stars marking which are of very different magni- 
tudes. Delta and Theta mark the western side; tbl 
and Beta the eastern ; of those Beta is much the 
brightest-, Delta following next. Beta is Denebola, — 
one of the many Denebs, that is “Tail,” which we line! 
in the sky, — and from its companion stars, forms mi 
interesting opera-glass field. 


CANCER. 

Preceding the Sickle of Leo is Cancer, tho smalhml. 
and least conspicuous of alt the constellations of t.ho 
Zodiac. Its most significant feature is found in tho 
centre of the group ; a pair of stars between the fourth 
and fifth magnitude, Gamma and Delta, north and 
south respectively of a misty looking object. Those aro 
the twin “ Asses,” standing right and left of their 
“ Manger,” Praesepo. 

“ Liko a little mtBfc, 

Ear north in Cancer's territory it (louts. 

Its confines aro two faintly glimmering alnrs; 

These are two Asses that a Manger parts.” 

Many a young beginner has fancied that in Praesepo 
be has discovered a new naked-oyo comet, but tho 
least optical aid shows it to be a cluster of small stara, 
and directly Galileo turned his teloBcopo upon it, ho 
detected its nature, counting some thirty stars within 
its borders. The Asses and the Mangor appear to bo 
ancient names, but there arc some slight variations? 
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in fcho (igliro ascribed to the entire <MniHf.ellai.ieu, Urn 
Egyptians tracing here a Hcarabaous, und Home ni (lie 
medieval astronomers representing it 1 >y a lobster or 
crayfish. 


LEO M l NO II. 

.Between Loo and Ursa Major is a mm lorn eouHlelhitiou, 
called Leo Minor, framed by HcvgIiiih out of Mm unformed 
stars which he found in this region. None id its com- 
ponents oxcood the fourth magnitude, and it in chiefly 
noticoahlo to the nakod-oyo astronomer ii.h Min liontu nl a 
meteor radiant of the second rank. 


LYNX. 

The Lynx, lying between Ursa Miujor and Cancer, is 
an oven fainter constellation than Tom Minor; its two 
principal stars Alpha and 38 make u. vintnt.l pair, very 
similar to the three that have already been noted as 
marking the plantigrade foot of Ursa IMajor, and its I’rnf, 
Young has suggested, they might wtdl Lave been In, lieu 
to havo made up the fourth, though liit-d this berm ho, 
our Boar would havo been a “ ldgli-Hl, upper 11 of hioh! 
nil-ursine agility. 


CANES VENATIGI. 

Uiulorneath the three stars which make tho lunidle 
of the Plough, or tail of tho Bear, in a bright Ntnr, 
easily recognized from tho comparnbivo bareness of tho 
region in which it is placed, which in known us Cor 
Caroli, “Charles’ Heart,” so called Lhkuiuno Hir <J. .Sear- 
borough declared that it shono with peculiar hrighlneHM 
the night boforo Charles the Second made him entry 
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into Loudon on his restoration. This name, however, 
attaches only to the single star; the constellation like 
Lynx and Leo Minor, being one of those which we 
owe to the ingenuity of Hevclius, who named it Canes 
Venatici, the “hunting dogs” Cor Caroli is a beautiful 
double star, the components of which are about 20" apart. 

Almost midway between Cor Oavoli and A returns, but 
noaror the latter star, is the cluster No. 3 in Messier’s 
catalogue. 


COMA BERENICES. 

Below Canes Venatici, and immediately to the east of 
the Rectangle of Leo, is a constellation which, though 
ancient, is by no means one of the original ones. Though 
it possosses no bright stars, yet on a clear night the region 
will attract the attention of the sharp-sighted observer, 
for delicate points and films of light aro crowded in it. 
Serviss writes of it : — 

“ You will perceive a curious twinkling as if gossamer 
spangled with dewdrops were entangled there. One might 
think the old woman of the nursery rhyme, who went” to 
sweep the cobwebs out of the sky, had skippod this corner, 
or else that its delicate beauty had preserved it even from 
her housewifely instincts.” 

The story of its naming is that Berenice, the Queen 
and sister of Ptolemy Euorgetes, vowed her beautiful 
hair to Aphrodite, should her consort return safely from 
an expedition on which he had set out. The consecrated 
tress was, however, stolon from tho temple soon after 
its dedication, and tho consequences might have been 
very serious had not tho royal astronomer of Alexandria, 
Couon, risen to the occasion, by declaring that Aphrodite 
had caught tho tress up to heaven, in proof whereof ho 
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pointed out the constellation to tin? l-ci 1 and <| uemi, 
1 robably, however, the stars in this region Inul already a 
halite eeognised position as forming a sojpuinilU' constellation, 
ami the quick wit of the asbronomor hut eonlinncd u 
brovefc rank. 

VIRGO. 

Iho .Lion is followed in the Zodiac 1 iy I he 'Virgin, which 
seems almost to lie below the royal bcunt, for at this time 
of the year tlio ecliptic curves downwards more Hluirjd)' 
than at any other period, its descending noth' lying dime 
to the boundary of Leo lind Virgo ami just within the 
latloi constellation. Virgo, therefore, in cutely found when 
Llo is known, or the old rhyming direction will plninlv 
point it out 

.liroiu tlio Polo Slur through Mizur glide 
With long mul rapid (light, 

Utwoond, u ml sou tho Virgin's spike 
.DilTuso its vernal light, 

And mark whnt glorious forms uro imitlo 
■!iy the gold harvest pars. 

With Don oh west, Arotnrua noith, 

A I riimght uppours : " 

Bono bola of the Lion’s tail forming an equilateral 

Iriauglo with Areturus aiul Spioa, tho principal tear of Mm 
Virgin. 

, Tlu) c,uof ® tars of t{l ° Virgin, six in muiihur, make tin 
irregular capital Y, lying on its side, tlio teem ami lower 
branch of the Y very nearly marking t] w wliptir. That 
great circle is particularly clearly marked out, in thin 
portion of tho heavens. Delta in the TwiiiH~-~t|io bright 
star below Pollux, and marking that In ‘rote right hand ; 
-Delta in Oanoer, tho southern of the two Ahwjhj Iteguhm 
m Loo are till almost exactly on tho uuliptie, and Kho 
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and Tau, two fainter stars in Leo, carry on tho lino to 
the boundaries of Virgo. Within that constellation Urn 
line runs a little south of Beta, .Eta, and Gamma, which 
form the right branch of the Y, and a little north of 



P, Polaris. C, Cor Carol!. A, Avelurus,, 1), Donoliolu, 8, H|)iciu. 
Fig. 16. — Spica and Cor Oavoli, 


Spica (Alpha Virginia), Whilst a fourth magnitude 
star, Lambda, as far beyond Spica as Spica i« from 
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Gamma, marks almost the precise point where the ecliptic 
runs hi to Libra. Tho upper branch of the Y is marked 
>7 • 4elta and Epsilon. Gamma, the star which marks 

whore the Y forks, is one of the most celebrated of double 
stars. 

Amins givos more space to tho history of this constel- 
lt,0U fchau t0 «y ««ior. With him, she is Astraea, tho 
H,)mt JuHtic!G > 0,100 in tho Golden Ago a dwollor 
amongst men. But when an inferior race in tho Silver 
Ago succeeded to their fathers, she withdrew to the 
mountains, and fled theneo to tho sky when tho Brazen 
Lace fashioned murderous weapons and devoured the flesh 
f ploi, e h ox™ for their food. The account of hor which 
is still most generally received, is that she represents the 
wheat harvest; tho oar of corn in her hand, which one 
would have thought a fitter symbol of sowing, being taken 
us representing the garnered sheaves. But this cannot bo 
the case, for Aiutus tells us— 

“ As rushing on his prey, 

Tho lordly Lion groats tho God of day, 

When out of Cane or, in his torrid car 
•Porno high, lie shoots his arrows from ufar, 

Scorching tho empty Holds and thirsty plain, 

Secures tho barn tho harvest's golden grain 

proving, as Brown points out, that Spied was not asso- 
rted originally with the harvest, since this had been 
ilroady reaped when tho sun entered tho Lion. A 
further proof is afforded by the old mime of Epsilon 
Virginia, Vindemiatrix, tho “Herald of tho Vintage,” tho 
mintage necessarily falling considerably later in the year 
ihan the harvest. 

The constellations of the Zodiac, if intended to mark tho 
ovoml months of the year, should, being twelve in number 
trotch each of them over 30° of longitude, noithor more 
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nor less. As a matter of fact they arc of a most irregular 
length, Cancer extending only over 18° or 10°, whilst 
Virgo cover 3 about 50°. At an early period, thorn Coro, 
the ecliptic was divided into twelve equal portions, not 
constellations, and having no direct connection with tho 
actual arrangement of the stars, hut deriving their names 
from the constellations which most nearly corresponded 
to them. These were the Signs of the Zodiac as 
distinguished from the Constellations of tho Zodiac, and 
the distinction between tho two is one that it is im- 
portant to bear in mind. The months of tho year 
nover did, and never could have corresponded with tho 
actual constellations ; the Signs, being purely arbitrary 
divisions, could always be made to correspond with tho 
months. Since, then, tho constollation figures are clearly 
older than the equal signs, it is manifest that none f>l. 
the many schemes which havo been framed to account 
for the Signs of the Zodiac by the climatic changes of 
the successive months in this or that country can havo 
any basis in fact, The constollation figures wore in 
existence long before the correlation of signs and months 
was effected. 

The Akkadian calendar connects tho sixth sign of tho 
Zodiac with Islitar, “ the (laughter of heaven,” tho moon in 
one aspect, and tho planet Vonus in her two- fold character 
of morning and evening star in another. Early Christian 
thought recognized a reference to tho promise of “ the Seed 
of tho Woman ” of Genesis in. 15, in “ the ear of tho corn ” 
the Virgin carries in her hand, and in Shakespeare's play 
of Titus Andronicus, the expression “ tho good boy in Virgo’s 
lap,” refers to the mediroval representation of tho sign as the 
Madonna and Child. 

The region of the sky enclosed between the two arms 
of the Y, and Denebola and Leo, lies near the pole of 
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the Galaxy, and is the wonderful Nobulous Region. Here 
these strange bodies are to ho found by the hundred, 
clustering more thickly than m any other portion of the 
sky. 


HYDRA, CORVUS, AND CRATER. 

Close below Virgo are two small but fairly bright con- 
stellations, the Cup and the Crow ; the Cup lying under- 
neath the Virgin’s shouldor, tho Crow beneath her hand. 
The latter constellation is very easily found; 'Della Corvi 
forms with Alpha aild Gamma Virginis almost an 
equilateral triangle, and tho lino from Alpha Virginis 
to Della Corvi leads to Gamma Corvi. When on tho 
meridian, two other stars of about equal hrightuesH, 
Epsilon and Beta, lie below Gamma and Delta and make 
up with them a neat littlo trapezium. Beta Virginis 
and Delta Corvi make a rough equilateral triangle with 
Delta Cratcris, the brightest star in the centre of tho 
Cup, a somewhat fainter group than that of the Crow. 
Dour stars in a semi-circle, of which Delta is the middle 
mark the bowl of tho Cup. These two littlo groups 
are commonly represented as actually intermingled with 
a huge winding snake, Hydra, the longest constellation 
in the sky, stretching across some 100° of longitude. 
Its head begins close to Procyon, under Cancer, and it 
extends below the zodiacal constellations of Cancer, Loo 
and Virgo and the greator part of Libra. It has few 
bright stars, and these not grouped in easily remembered 
figures ; and the great reaches of barren sky it includeo 
seem referred to in tho name giveu to its brightest star, 
Alphard, Tho “ Solitary.” Alpliard may bo readily- 
found by prolonging a straight lino from Gamma LoohIm 
through Regulus, and dropping a perpendicular on it 
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from Pi'ocyon. The myths connected with tin: I hive con- 
stellations have no very great intoroHR .1 frown Hindu 
Hydra, a “ storm -and- ocean -m ouster,” “Tho « j 1 1 i <*!c flow- 

ing rivers seem to have been compared by the Akkndii 
witli the swift gliding of a Inigo glistening Herpent, and 
so we arrive at tho idea of the River of f.he .Snake, whieli 
develops into an Okeanos’ stream, liko the Worse great 
serpent, tho Midgard Snake. Tho Oup becomes thus 
a "symbol of tho vault of heaven who rein at limes 
storm, wind, clouds, rain are (vliiiotienl ly mixed " ; and 
tlie Crow, or rather Raven, is the eoiiHlellnliiin of (he 
Storm-Bird. Carl Cf. Schwartz, who, ut tho beginning 
of last contiuy interpreted the constollatiimm ns ludug n 
sort of symbolical geography of the (ton it Irion on the 
west shore of the Caspian, thought them* three coindcl- 
lations represented the polroleuni wello of Ihiku. The 
gloat extent of the Hydra, with its fulds and limits, 
show, beyond mistake, in his opinion, the slow oily ||uw 
of crude petroleum; tlie Clip is placed (here l.o indicate 
tlie liquid which would have to lie held in n, cup Hn|11|l 
such reservoir, whilst the Crow indicates its inky bln de- 
nes s ! 

Of tliese three constellations, Orator is perhaps the bout 
Coi opora-glasH examination, yielding Homo pretty fieldn. 
Zota Com, tho faint star nearly midway between MpNibui 
and Beta, shows with tho opera- glass uh mi interesting 
littlo double, whilst a much closer pair will ho found near 
Bota and slightly preceding it. 

BOOTHS, 

Arelm-us i s 0110 of tho oasiont Hbtm to j„ tJll . 

oiitiro «ky. It wo start from tl.o Polo Him-, wo li,„] , tltl | 

■ 10 l,lsl 8l “ r iu ll "= Cluugli 1|, nolle [ Ulu i„ Ht , ui|{llt l( , 
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Areturus; or the curve of (lie throe stars of the handle of 
tile Plough, if continued, seems to bring uh ronml to the 
same place; or, as mentioned under Virgo, Dmioboln of 
Leo and Spica of Virgo and ArotuniH mark out a triangle, 
almost equilateral, 

The star owes its name to its nearness to the Hear, 
It is Areturus, the “ Watcher of the Hear.” It is now the 
brightest star in the constellation Bootes, the Herdsman, 
but in the catalogue of Ptolemy it is not included in the 
actual figure, but is an “unformed” star below him, 
There seems to have been some reason for this exclusion, 
for Theon and Hcsychius call Monies, Orion, and when 
Aretuvus is excluded, the principal remaining stars of fho 
constellation mako up a representation, pale and distorted 
it is true, but a representation for all that, of the most 
glorious constellation of tlio sky. Tins circumstance may 
explain an allusion in Isaiah xm, 10, which has puzzled 
many commentators, “The stars of heaven and tins 
constellations thereof.” The word “constellations” is in 
the plural, and is tlio same word which is in the singular 
in Job ix. 9, Job xxxvnr, 81, and Amos v. H; and 
is in . each caso translated by “ Orion ” with great 
probability. Hero then it may stand for the two Orions, 
Bootes being one. Ilowovor this may be, the resemblance 
between tbe two constellations will be near enough to help 
the student to trace out the figure. Areturus stands 
nearly midway botwoou the Herdsman’s two legs, marked 
respectively by the stars Eta and Zota ; above Areturus 
;are the tliroo bolt stars, Rho, Sigma, and Epsilon, Epsilon 
being much the brightest. Above wo lind (lamina and 
Delta marking the shoulders, whilst Beta takes the place 

of the cluster of small stars which douotos the head ol; 
•'Orion. 

• Delta shows as a double star m the lleld-glass, a bluish 
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BOvonl.li magnitude companion shining at. a distance of a 
little under two minutes of are. 


CORONA BOREALIS. 

A returns and Cum mu form two points of an oijnilulonil 
fiianglo with Epsilon in I, ho niml.ro; the f.l i i r< I point is 
formed by Alpheeca, tlio “Broken Platter.” The mason of 
the name is middy aeon, since right and loft of Alphoeea are 



A, AraLium I!, AI],lioi!(!ii. 0, Uniniiiu ll.iullii. [>, K t .«ll.in H.«.IN, 
I ( hi. 10 . — Arelimnt imd Hu* (Vijwii. 


four other .stars, two on oaeh sido, making up a si on ie in-lo. 
and suggesting to the old Arabian star-gazers a broken (ditto 
Bold out by a beggar to roeoivo alms. This very sordid title 
contrasts poorly with its ehissienl name, 

“ Thill Crown whioli PamywiM pluivil 
01 Ariiidni) dot i<l, a frlononn afgn." 

The constellation tliongh so small is, from its shape and its 
nearness to Areturus, very easy to find. Or the old rhyme 
may guide us if wo turn hack to Virgo,nnd pick out \hmlm 
tho “ Herald of the Vintage." 
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“From Epsilon in Virgo's si<lo, Ardimm nook mill nloin, 

And just, ns far again you’ll spy LWoim’s lnmidomm gmn ; 

Tlioro no misluko win wo It hol'all o’on hint wlm lilt to knows, 

For bright and (similar llio Crown ooinl|ii(aiously glows.” 

The small size and neat. arrangement. of Corona make it. 
a pretty object for tho opera- glass ; ami in I8(>(! it afforded 
a grand chance for tho naked -eye observer. For on the. 
night of May 12th in that year, the constellation suddenly 
presented an unwonted shape. Kpsilon, tho .star of the 
five furthest to the oast, was overshadowed by a new and 
bright companion which outshone Alplieeea. This was 
T Coroime, the first “new star” to appear since the 
invention of tho spectroscope. Less brilliant than the 
new star in Perseus which so suddenly blazed out upon us 
in 1901, it created, as tho first example of tho kind that 
had occurred in tho now era of astronomy, an even greater 
sensation ; and the discovery in its spectrum of the bright 
lines of hydrogon aroused tho utmost interest. Four novto 
have appeared since the date of T Ooronao, including the 
one so recently discovered by Dr. Anderson. So far, 
howevor, as tho relatively incomplete observations of its 
spectrum changes go, they seem to point to T Commie 
being a nova of a different order from those which have 
succeeded it. 


SEXTANS. 

Immediately under the Sickle of Loo, and enclosed 
between that constellation, and Crater, and Hydra, is a dull 
region, with a few faint stars, of which only three aro brighter 
than tho fifth magnitude. Those were combined by Hcvolius 
into the constellation of the Sextant. 



Off A HM'JIA V. 


'I'lIK BtAUH OF .SlIMMKIt, 

A i*< i a, now tins zenith utiu* for our In I iliuh*n tim ing* Min 
midnight of early Hummer, luit whirl. <*n.m,e«t f.| m mon.linn 
u-t midnight in Hpring at the ti.no wh.m Hie emmMfulinnn 
wore mapped out. hIiukIh between two fl ro..|e. of 

,lffUroH of moH< ‘ Hignifi«iun!(i in I, ho light which 

flur) t)m»w upon the origin of I, ho eoitHfoIlal ioiin. ]«’,„• p v 
I'bo west of Vega lie fivo eun H |.ol!,U iumt, the Dnigo.i, 
IIorculcH, tliu Serpent- holder, I, ho Hor|.oin, and ilm 
•Scorpion, 'which prone., t in double lorn, llio ( I m. I. ( 

lul<1 <0 1,110 0llHt w ‘- 1,,LVt! Uio region of Mm ltir.be tlnve hi 
number— tliu Swan, the Knglo, ami I lm ooiml.dlivlioii „f 

Wl,ujh V< ^ 1 i8 itH0lC ( ' j “' ^ «mi«. Urn I j V n\ wl.iH, in 
roprenonted n« an eagle whirl, carrion n lire ro.m.J i( , t 
neolc. 

'J’tui okl wmstnllaticm malm™ |„f|, ,, v i,|,.„l 

j" flux portion of Urn airy tlmt tlmy wo.v not wnrliiim 
haphazard m tlio <loKi K nn limy aid.mlc.l |',,r • 

KL-oupo and tlio plan,™ which tlmy |„ 

At nud,u| ; l,(; at tlm S pri„ K .apiinos, M„, .M,. orpin,, »•„„ 
Co, thorn o„ tlio mm, him in ll„, aonth, <„,,l 
wa» ,,, him manner «„ tlio nmridlan low ,|,„v„ h, 
uorth. Juat as. tlmy l„ul planUal ll„. k,„ !() |,„. ( whom Wl . 
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now call Hercules, upon the Dragon in Mu? north, 
they provided another hero, the Serpent-holder, to trample 
down tho Scorpion in tho south, and the heads of Mu’ 1 wo 
heroes wore mado up by tho stars in tho zenith. Moth (In* 
unknown warriors, therefore, were pictured in those primitive 
ideas as erect, hut for many generations Hercules 1ms 
been to us hanging head downwards in tho sky in l he 
most uncomfortable? of attitudes, for our zenith, nowadays, 
passes nearly through Iris foot. 

It is impossible to suppose that it is due to a mere 
accidental proximity that these five conutolhilioim give no 
this two-fold picture of a struggle between it limn mol 
various malevolent forms. The altitude of the Serpen I - 
holder is the more significant in that one of his feel, 
crushes down tho Scorpion’s head, whilst the revelled 
sting of tho creature is curled up to wound his other heel, 
an attitude which recalls most strikingly the prophecy of 
Genesis hi. 15, 


HEKCUIiES. 

A. lino from Gamma Bootis through Theta ( 3oronne, Mn* 
most westerly of tho five stars of tho “ Broken Platter,’ 1 
brings us, at an equal distance beyond, to Bela in the 
consignation of tlio ICnecler. This is not a brilliant 
constellation, having no stars so bright as the second 
magnitude, but it can bo pretty easily traced out. Taking 
Beta and tho somowhat fainter star Gamma, just below it’, 
as the root, tho stars map out tho calix of a gigantic lily ; 
Gamma, Beta, Ze to, Eta, Sigma and Tan, six stars in u 
beautiful curve sweeping round the little constellation of 
the Grown, forming tho western outline of tho (lower. 
Hercules is the name now universally ascribed to Hi in 
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constellation, but tlie name was foisted upon it in com- 
paratively recent times. Aratus sings 

'‘A labouring nmn next vises to our sight, 

Jhiti what his task or who (his honoured wight 
No pool tolls. Upon his linen he bonds, 

And henco his iininc, iingonasin, descends, 
lie lifts his suppliant arms and dares fo rest 
Ilia right foot on the scaly dragon’s crest.” 

IliQ first suggestion that this Knee lor was the great 
national Hellenic deity seems to have been due to Panyasis, 
tlie uncle of the great historian, Herodotus. In a poom 
on the subject of the great national hero, in order to do 
him the greater honour he sought to identify him with 
tho unnamed, wrestler of the constellation. The fact that 
despite this effort tlie identification had entirely failed of 
adoption 200 years later, is as near positive proof as wo 
can got, not merely that it was not known whom the 
constellation represented, but that it was known that it did 
not represent Hercules. 

On the first curve of the lily of Hercules, two-thirds of 
the distance from Zeta to Eta, is the great Cluster, 
Messier 13, generally considered the finest of the globular 
clusters. It may bo picked up in the opera-glass, but its 
lull glory can only be appreciated by those who have the 
command of a first-rate telescope. 

Tlie second curve of Hercules runs through tho stars 
Gamma, Beta, Epsilon, Pi and Iota; Iota making a 
diamond with the three stars in tho Head of tho Dragon, 
Bote, Gamma and Xi. This diamond, Proctor, in his 
ingenious but usually quite unauthorised alterations of 
the currant outlines of tlio constellations, regarded as 
marking the true Dragon’s Head. 

Tlie third curve of the great lily of Hercules extends 
from Gamma and Beta, through a well-marked line 
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of stars, Delta, Lambda, Mu, and Nil, to Mm- little 
constellation of the Lyre, (lie principal slat’ of which is tin* 
{••reat blue brilliant Vega, the worthy rival of A returns and 
Oapolla, if not superior to either. 


LYRA. 

“ Thoro is die Shell hut snnill. And this, whilst yet 
.I'him-mllod, HoniK'H piorneil mid rallisl if, Lyre; 

.If routing the Unknown Fonu ” (i.ii,, Ihn Kneeler) “lin wet it ilnun 
When brought In Hoimm.” 

The principal stars of the constellation am very easy lo 
recognise. Vega, forms one of the points of it little eijui- 
lateral triangle, the other two angles of which are occupied 
by Epsilon and Zotn. Epsilon is to very keen night u 
naked-eye double ; the opera-glass aopuniioH tlie two alerts 
at ouco, and no groat telescopic power is mipiircd to show 
one h star as itself a neat, little pair. %da innrliH also I he 
upper angle of a little rhomboid, of which Delii, (liunimi, 
and Delta mark the other angles. lOach of these stars is 
an easy double l:or the opera-glass ; .Nil ami Lit, in hi In, lining 
companions to Hetn and Gamma respeeti vely. Hein, is 
one of the most interesting of short period mrinhlns ; ibi 
period boing two hours short of thirteen (lays, in which 
time it passes through two maxima and two minima, the 
minima being, however, of unequal brightness ; lmt mi 
ovon when faintest it is of magnitude 4>}j, it is always 
well within the grasp ol the naked -eye observer. 

The Milky Way Mows across the S.K angle ol the con- 
stoltation, and this, with its dazzling leader, its numerous 
pairs, its beautiful fields and wonderful variable, rentiers if 
a fine region for the opera-glass observer. To the naked-eye 
astronomer, it is also noteworthy us the home of the swift 
meteors of April 20(.h — tho bymlH- -their radiant point 
Doing- just on the boundary lino between Horen I uh and Lyra. 
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The eon slid lat ion is always shown now as an onglo with 
ft harp slimy round its neck, and tlio name of the principal 
star, Yoga, refers to this design, since if. comes from the 
last, word of the Arabic expression, Al nenr til wtil'i, the 



I' io. 17.— Lym, ITi'milps and Antuim 


falhng “ swooping eagle”, i„ contrast to Aouita, 
e principal star of which wo now call Altai.-, that is to 

eagio” Uar “ l ^ th ° t, “ t is - lll « "WMriiitf 

The hoi^ of Hcrcnlcs is marked by a beautiful , mu .go 
co lorn ed star, Alpha Herailis, Has al Qothi, tho •• head of 
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the .Kneel er,” forming the southornmost point of a lozenge 
of which Beta, Zota mid .Delta Hereulis are the other three 
points. Alpha Hereulis is notable in the spectroscope as 
presenting ono of the finest examples of the third or handed 
type of spectrum. 


o phi nan us an d serp ens. 

As mentioned above, the old astronomers who depicted 
the Kneoler in the northern sky kneeling on tho Dragon 
and crushing his head, placed in the southern «ky the 
Serpent-holder, whom we usually call by his Greek name, 
Ophiuchus, trampling on tho Scorpion and strangling the 
Soi pent. I lie heads of tho two heroes, therefore, met 
together near the zenith, and tho chief star of each eon- 
stellation being in the head of the figure, the two are dose 
together. Alpha Ophiuehi, therefore, is very near to Alpha 
Hereulis; it is two degrees further south, and follows it 
across tho meridian twenty minutes later. 

Although the conquoror over tho Scorpion, Ophiuchus is 
not for a moment, to be compared with his enemy as a 
constellation. Ho covers a great extent of sky, his stars 
are none of them of tho first rank, and are not disposed 
111 any easily followed figures. His principal star, Alpha, 
UaH al Hl W "««<> Head of the serpent charmer,” lies 
midway between Vega and Antares; as the old rhyme 
has it : — 

I . lii oxigti .Ibis ill Ilnj'uo, Vogit b ItemiiH direct llio onijuiring oyo 

W,lwo heart, Aiilnnw, docks tho oouthoni summer „ky .” 

Ophiuchus is engaged on a double labour. Aratus 
describes him thus : — 

" II,H ic(,t 8tan ‘]» Scorpio down, ciiornimm boast, 
t'ruHlung tho monster's c *y» anil plnttoi! brotisl, 

Witli mitntrotdluul ui-jiih bo holds the Serpent's coils ; 

His limbo it folds within its scaly (oils; 
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A^ r itli his right limit!, its writhing tail, lit' grasjis; 

Its swelling neck, his left securely ehisps. 

Tile reptile rears its crested head an high 
Reaching the seven -starred Crown in northern sky.” 

The head of the Serpent is imtvkod out by five stars 
in the shape of a capital X, immediately below the semi- 
circle of the Northern Grown. The livo stars are Meta and 
Gamma at the feet of tlio X, Kappa in the centre, and 
Iota and Rho at the top. The small stars clustering 
near this X of the Serpent’s head make an interesting 
field to the opera-glass, but the tip of the tail, marked by 
the star Theta, is more interesting still. Theta may bo 
found by drawing a line from Bota Heron 1 is through Alpha 
Ophiuchi, and it is situated in a striking chan mol in the 
Milky Way, one skid) branch of which comes to an end just 
on the borders of Ophiuchus. 


SCORPIO AND LIBRA. 

The Scorpion on which Ophiuchus tramples is a notable 
beast, and the claim has been made for him that he 
occupies a double portion of the Zodiac. On our modern 
maps he lies almost entirely bolow the ecliptic, which 
actually lies for the most part in Ophiuchus, not considered 
a zodiacal constellation. This is a striking anomaly if 
the limits of the constollation aro taken as they are at 
present, but if the Scorpion oxtoudod over what is now 
the constellation of the Balance as well, it wbuld have a 
much stronger claim to zodiacal rank than the Sorj amt- 
holder could make. In this case, however, there would 
be onlj eleven figures in the Zodiac, and the enquiry 
arises— How many constellations did the original Chaldean 
Zodiac contain, -eleven or twelve? The question is a 
very important one as bearing ou tho origin of the 
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Zodiac, since tJie twelvefold division is significant of 
the ancients having determined I, lie length of the year 
at least approximately before the eonstellul ions were 
mapped out. 

r Ihe assertion that the Chaldean Zodiac. consisted 
originally of only cloven constellations is mu.de ox plic.il ly 
hy Sorvins the grammarian, in his commentary on the 
works of Virgil. The latter in his add reus to the Knipnror 
Augustus, in the first Georgia, suggest h Mud. the spurn 
which lies between the Virgin and the following (flaws 
lies vacant for him ; “ tlm glowing Scorpion drawing hark 
its arms and leaving for him a more than ample spues 
of sky. Our Greek authorities, however, made the signs 
of the Zodiac twelve in number, hut gave to one of 
the figures a double space; the Scorpion occupying mm 
sign with its body and another with il.H outstretched 
Olaws. Brown’s explanation of this double honour given 
to the poisonous creature is very ingenious. Quoting from 
Amina, ho points out the old legend of how Orion wus 
shun by a gigantic scorpion in pimmlimmit. for his at fuck 
upon Artemis: — 


Am! grout Orion loo, his (llm Snmpioi)) advent lours. 
Con tout Hum, Artemis! A. tale of old 
TuIIh how llio strong Orion seized thy rolx* 

Wlirn ho in Chios, with hj H sturdy n'.mm 

■V h.nitor, smote tlm l M mr.fc to gniti (lOnopioi, 1 ,, thanks. 

but hIio lorthwitli another monster Imiin— • 

The Seorpion, having deft tlm island’s hills 

in midst on either side; This, huger still, 

dts greatness smote and slow, nineo Artemis ho chased. 

And so ’tin said lhat, when the Senrpion 

Orion (lies to utmost end of earth." 


Orion, the most gorgeous of all 
according to this theory, a stellar 


(lirowu’ft ,trn/u>i.) 

Mm conn f, dial ion m, in 
representation of the 
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sun; the Scorpion, on the other hand, represents the 
night and the power of darkness, “As the huge size 
of Oriou, i.o., that of the sun as compared with 1,1m stars, 
is always insisted on, so the scorpions of darkness are of 



A, Avotiu’UH. H, Alkuul, C, Alpha lAbrio. I>, li« K 
t\ Anitu'vK. 

Fin, 18. — Anlnros unit a Librie. 


colossal size, infinitely greater than the Orion mm.” Tim 
gigantic size- of the Scorpion, therefore, was insisted cm 
by bestowing on it a double portion of the Zodiac. 

Our present name for the seventh constellation of tint 
Zodiac, Libra the Balance, we owo to the Homans, Virgil 
writing in the first Georgia : — 

“ Libra die somniquo pares uhi tWent boras, '* 
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but wo cannot now say how far hack into uni n jini v I In- 
symbol goes. Though as Amins truly says, 

“ liW iivo its stars for Hplomhutr mul ivimw n,” 
the constellation Libra cun he readily found by an align- 
ment from A returns : — 


“ Whcro yon gaunt Hour clinporl.H it Ini!, Book Alknitl nl. il : . Ii|>, 
from thonoo a ray athwart I, ho Hpare In houUi-mihiUm'iibIi imo-l. iliji; 
And whon AvoIiipuh has boon passi'it ) >r< > ] t >n g th’ lino, 

’Twill mark a Htar, as far again, Dm llrat in l.ibm’it aigii.” 


Alpha Libra) is an unlueky star us to iis nauio ; it 
really should bo Kuban el Geimbi, the southern claw; but 
it is ofton called Znben el Oliamali, him uorhlmni claw, a 
title which clearly belongs to Lola Libra*. The slur marks 
the ecliptic almost exactly, and it forms a very pretty double 
to the opera-glass. 

Beta Libra), forming an equilateral triangle with 
Alpha Libra) and Mu Virginia, i H a. slur with it 


markedly greenish colour and interesting history, for 
Eratosthenes calls it the brightest of all the slurs in 
the Scorpion, that is in the double constellation, and 
Claudius Ptolemy gives it as equal with Antares. As it in 
now a full magnitudo fainter than Antares it must have 
faded greatly. 

But passing on to the Scorpion proper, we come lo 
the finest region of the sky us soon in southern malum. 
There is no difficulty in tracing out Urn Heorphm, AnL 
ares, its brightest gem, is almost exactly as far hoy,,, id 
Spica as Spica is beyond Regains 5 and* A returns, , Spica 
and Antares, make up a magnificent right-angled triangle 
Spica marking the right angle. Antares stands 'hi 
a long and beautifully winding curve, made of bright 
stars, which mark out the body and reverted sting of 
the animal; and fainter stars to right and left show 
its legs. “There are fow constellations,” as Sernas 
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truly remarks, “ which hour ho done a resoiiililanco lo 
1;ho <>bjo(it,s they uro named alitor, an Scorpio. I (, does 
not require a. very violent exercise oi; the itiiiigimition 
to see in this long winding trail of slurs, n gigantic 
scorpion, with its head to the west, and Hour is] ii ng ils 
upiaisad sting, that flitters with n. pn. i r of twin slurs, iih if 
ready to strike.” 

The pair of stars in question arc Lambda mid Hpdlon, 
Lambda being the brighter. To the north mid oust of 
this pair ol. stars, and about (>” distant from hum In la, 
are two star dusters about 4° apart -fi and 7 Mcmoe,*, 
both well worth examination with the opera-glium. 
Turning back to Antares, the bright star to the went 
of it is Sigma, and almost belwotm Sigma and Antilles, 
1)11 *' 11 liUlc 1)olow » >« another star duster, number in 
Messiers catalogue. Tho entire const, id lal.ion is I’uM 
of interesting and beautiful fields oven for m> H |i t ;bl, an 
optical assistance as the opera- glass gives. The two 
principal stars in the forehead of the .Scorpion arc Hein, 
tho more northern, .Delta tins more noiitlieni, distant 
from Antares roughly one-third tin; way to Ihda mid 
Alpha hibne. .Immediately below Ueta is I, he l.ii, r |,| 
and pretty pair, situated on the ecliptic, Omega Hnirpii 
whilst Nu Hcorpii, a little above and following Ileta, is 
also a double, but requires a more powerful lcnn H J,ow 
it as Buck. Immediately above An tares in 2:! Hm.rpii a 
star with two companions; iilio Ophiuehi, a little further 
north, has also a couple, both within the gm„p of the 
opera-glass, 

Cloau to ].U,o o i .l | i«. 1 l | i i„ 1 . 1 m M, 

80, calod by U,o «M«r I loraolml U,„ ri,,|,„„|. , lluI 
doused mass of stars in the linnainont 

Following U,„ <„„w„ of Hb,,, ,lowmv,,,-,l„ 1Voill A Wi 

wind, by tho way <„™ ifa tll it „ 
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red colour, tho reddest bright star in Hie sic \ , and, 

therefore, fitly called Aninros, tho rival of Area or Mura, 

—we come in turn to Tan, Mien aider a gup lo Epsilon, 
and then to Mu Scorpii, a lovely pair in I ho opera - 
glass, whilst tho next star lower down in Hie eurvo, 
Zeta, givos a region of most exceptional beauty lo a 

good binocular. To the English observer, Scorpio hugu 

the horizon too closely for tlio full nmgiiiliconce of fhe 
region to reveal itself, hut for those who are lim.uird 
with a more southern residence, the Milky Way ullaimi 
here its greatest glory and its most striking romplexitv 
of form. 


aA.G.rmniua. 

Following the Scorpion on tlio eeliplic comes I ho 
Archer, Sagittarius, who carries on (.he record of l ho 
Great Conflict undor > new form, for ho, like Ophiuchim 
is the foe of tho Scorpion, and he lays Mm arrow jo (ho 
string to slay it. Sagittarius, when on the meridian, 
is almost entirely above our English horizon, hut it lies 
so low that it is perhaps less familiar to im than any 
other of the zodiacal signs, for though Scorpio dors 
mdepd- lie lower still, its brilliance has made if |, el, ter 
known. Still, there is no difficulty in recognising it on 
a very clear night, at its culmination, which lakes place 

at midnight at tho end of .Turn*. Tim old rhymester 
directs us — 

" l""" I>cnob ' Uui S1.U11, ,Wil,„ „ Ii„„ ,,,,,,11, 

Through brigl.t Altai, in Aquihi, 'twill „lri|„, ||,„ , 

Or, more strictly speaking, I, i» marked l.v tic 

f n A m “ h ' «K»» an, 

vc bught stars m an undulating line „„ ,h„ 
branch of tho Milky Way, wind, bore „„„ iw 




the stars OF SOMMICK. <><) 

numerous divisions. Proceeding from the most northerly 
of these downwards, they are lettered Mu, Immlxla, 
Delta, Epsilon, Eta, and mark tlio position of the Aiv.Imr’.s 
Bow. A pair of stars, both bearing t(io letter (dammit. 


A,ve fflll II, Donob Ai%«. 0, AU.Ur, i), 9l«ma Ha ff lU B ,-ll. 

Rio. 10. OygmiB, Aquilu, and SugitltmiiH. 

* litil0 !“ “ l,rallc0 ot marks U.„ „( 

Arrow winch tiro Arc,, or i. fchargiag at 

vh.lst /ola a bright alar a litUo bol» w Sigma, mark. 

O *' 1 " 8 “ ° f™'"- A liUlu O-irt.iBlo „C Htara, Xi 

Omicron, I,, ararlc 11, o „„ck ot tho figure, ami prarti. 
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cally exhaust the list of its brighter stars. Alpha aint 
Beta, the latter a wide double star to the eye, are in one 
of the hind logs of the Man-horse, but are below our 
English horizon. 

But though Sagittarius is not a. distinguished cuiinIcL 
lation, viewed as a whole, it is very rieh in objects of 
the greatest interest in opera-glass or telescope. Mu, flic 
upper horn of the Bow, is the centre of a region ns rich 
iu star clusters as tho nebulous region in Virgo is in 
nebulae. A wonderful object, number 8 in Messier's cnla- 
logue, forms a rhomboid with Mu, Lambda and Delta, 
North of Mu lies number 24 of tho same catalogue, a 
star cluster quite unlike Mossier 8, but almost as attractive. 
Passing upwards in the same straight line, we conic in 
Messier 18, then Mossier 17, the famous “ horse-slmo ” 
nebula, and a little further off, Messier 10. Those clusters 
are the principal objects in the little modern constellation, 
Scutum Sobieski, an astorism which Hovel ins devised to 


celebrate the valiant John Sobieski, king of Poland, nod 
deliverer of Europe from the Turk. Proctor and some 
other modem map makers omit the constellation entirely-, 
and for the sake of simplicity it is well that it should 
he so. As designed, it tilled a small triangular spurn 
between Serpens, Aquila and Sagittarius, K, was prucIL 
eaily eutively enclosed within tho borders of the (L,.|axy 
and contains but a single notable star, the variable It Kmil-i j 
but its wealth of telescopic stars, (dusters and nelmho is 
most remarkablo. Sir William Hersdml estimated l lm,| 
m five square degrees of space it contained mm-third of 
a million of stars. Of its clusters the most wonderful 
w justnaWe to tho naked cyo, and is Messier II, I, bn 

‘ Flight of Wild Bucks,” on tho north-eastern border of 
the constellation. 
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CORONA AIISTJRA LLS. 

T\io fore-feet of Sotfitfarins are often not hIumyii in the 
designs ol this constellation, the place where they nhould 
come lining occiupio-d hy the {Southern (frown. 

"Olli.-v f ,««•, 

Delou* the A will or, under Inn (.lire, fret, 

Liid round in oircle, roll without n mono.” 

( Rrovri'si Af'itfua.) 

Ilio constellation I ion lioluw our I'lnglis.h hori/.mi, with 
very little in mark if, from any point. 

Tu the star itni'jtH, IVoctor’s suggested name I'or the ■•on- 
stollalimi has boon given to if, -(fomllu, tho wivatli (l; i 
to tliHlinMuinli if, the hotter from C'omnn, the (Vo we, lo 
which Bootes stretches bin hand. 


OY<] N IJ-S. 

Returning to Vogu, the key whir of this region of the 
heavens, wo iiml ourselves in flic home of the Birds, for .dose 
to the Knglo which carries the Lyre are Keen I he . Swim a, ml 
tlm .Kaglo, It is a feature of the primitive oihihMEim mini 
whic.li, whatever itH Hignilieuneo, emmet enmj>o (ho moat 
casual notice, that many of the stellar forma, indeed, moat 
of thorn, are duplicated, and when thus repeated the wimilar 
figures are, as a rule, not widely separated hut phmed dose 
together. 

In this region of tlm sky A ratlin tells im, 

" Timm in iii front until, lum An-mv mint 
Without a fluff j 1 1- fit I hy il. ||j |. H Mm flinl 
Niiiu'iir the north. Anil jii/jti a wn-oiid ( .inhi 
Lcbhoi’ in sir, 1 1, hut veoiLM ti* mmn 

From odium wliou niifliL ilitm j 1 , 1 m IC.ij;!,. 

In tlu, midnights of curly June, the grout stream of 
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the Milky Way crosses the sky from duo Mouth f,o duo 
north, not passing, however, through the vsonifcli, but Homo- 
what to the east of it. Right in tho centre of this mag- 
nificent arch, forming its very keystone, is tho constellation 
of the Swan, easily found from its neighbourhood to 
Vega, Alpha Lyrae. The figure of tho “ Bird," or ns wo now 
know it, the " Swan,” may be easily traced out. A long 
undulating line of bright stars lies parallel to the axis 
of the Milky Way, skirting the westorn edge of (bo 


great channel which here divides it. This represents the 
outstretched neck, body and tail of the flying Swan. 
Crossing it at right angles is another undulating lino of 
stais which represents the outs tret (‘-hod wings of the 
dying bird. The wholo constellation has often boon 
termed from its shape the “ Northern Cross.” Beta Oygni 
marks the extreme tip of tho Swan's bill, and lies about 
as far beyond Gamma Lyrae as Gamma is from Vega. 
Its name is usually given as Albireo, but the meaning 
and derivation of the word is obscure, and is almost 
certainly due to a mistake. Tho Arabic name is At 
mmkar al dajajah, the “ Hen’s Beak.” It is one of the 
loveliest double stars in the entire heavens; the principal 
star, of the third magnitude, being topaz yollmv, the 
companion, of the seventh magnitude, sapphire him,, 

and the distance, SS", being within the power of a lichl- 
glass. 

Gamma, the bright star which marks tho intersection 
tion T °r , “ tUe ““ ta 0t * interesting 

isCLf LT . t e - to o ° f D ° ta t0 

its If is in the d ‘i“ ? MrthW " h ° aVeM ’ M>d 

inters ‘ r3 d 1 ^ ^ 

0 ter parsed with some strikingly definite dark lanes 

Of the transverse beam of the cross , ? 

eastern arm n c oss > kP s “ on mark's the 

“• Mto th0 wester »' «d from Gamma to 



CEPHEUS 



Slur Map No. fi ; Thr Region of tbc Bini 1 
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Epsilon wo find one of the moat remarkable gaps in 
the Milky Way, the “Coal Sack" Alpha has been 
called Dench Adige, the “ Hoii’h Tail,” or A rid if, flic 
“hindmost” or “follower,” both Ml less appropriate 
enough to its place. The entire region of fim eons I el la- 
tion is full of interest and beauty, wim, lover the optical 
power with which it is examined, from the nuked oyo up 
to the greatest telescopo. One of tlio many interesting 
objects in the region is Omieron. To the eye a double 
star makes a trapezium with Alpha, (Jammu and Dolin’; 
the blighter of the mombers of this double, Omieron, 
in the field-glass will be seen to have two companions, 

one on each side, both of them blue, whilst, the chief alar 
is orange. 


AQUILA. 

Aratus refers to the constellation Cygnu.s un the 
>ivd. without naming its species, but Eratosthenes 
efines it as the "Swan,” and its length of neck well 
agrees with the identification. Dr. Lamb's somewhat 
doggerel rendering of Aratus enlarges upon his author in 

tho m f brmg “ ab8ohltol J warrant 

o' > n ■ f I r da .; ud Zmm ' ti '» i.„,i i„, 

f" y ^ “ th0 Eftffl0 ' “ ll oliiot 

IriJi, Z\T 7 POiat ° £ a «*“«% 

“•. l -r w " y 

by the two cm 11 . ’ 18 a ^° identified 

bLw t ir?7 Stara ' ° amma “* »’>" ami 

of the Milky Way. The +1 . ° lm °’ ° U 1 10 bov ' lt,rM 
names The middle n StaiS bcar tll() Stowing 

that i. tho . L ^ !* AltllU ' t,lu “ Ulnl," 

761 ’ the ‘' S °“™g Eagle,” 
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trusted with Vega, tho “ Swooping ” <»v “ Falling 

Eagle”; the southern star is Beta, Abdulin, the " While 
Falcon and Gamma, tho northern star, Tum/ed, tho 
41 Fobbing one.” 

The rest of tho eonstellatiou can ho made mil widimd 
much trouble, but tho figure is by no meuu.s ho good as 
that of Cygnus. Two stars, 55otn and lOpsihui, near 
together, mark tho tip of one wing in tho north- westerly 
direction, anti a- very much fainter pair, 70 and 71, 
mark tho tip of the other wing, about the name disl nitre 
on tho other side of Altnir. Proceeding from Uaintnu 
down the Milky Way, we find Mu, Delta and hambiln, 
reproducing roughly tho nr range in out of nlars which 
marks so clearly tho neck and head of the Hwan, hollow- 
ing the lino of tho throe stars, Alpha, Urdu, (Initiuin, 
we find they point downwards to a bright nlur, Theta ; 
between this and .Delta, but nearer to Tlud-ii, is I’ll a. 
One of tho regular variable stars of short period, visible 
in all its phases to tho naked eye, its period being one 
of four hours over tho week. 


SAG1TTA. 

The quotation from Aratus given a couple nf pages 
above, refers to a little constellation which in it certain 
sense is the most interesting in the entire why, the emu 
stellation of tliu Arrow. PoswoBsiug only live lit l ie 
stars of the fourth magnitude, and extend in;; in a 
narrow line, blit 4° in length, increased by tlm moderns 
to 1.0°, it is nevertheless one of tho oldest cniudelhtl hum, 
being montionod three times by Aratus in bin e.idohrated 
poem, and having its five principal hIiivh duly calu- 
logued by Ptolemy. Tho history of tho Arrow wiei 
lost even in tho time of Aratus. It was not idiot by 
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Sagittarius the Archer; so mucli is quito dear, for H is 
)”]g high above his head and in tho opposite direction 
to that m which he is shooting. This is tho oxplamil ion 
or the phrase — 

"Another Arrmv mat 
"Without ft bow ; ” 

1101 can either of the three heroes, who are near at lminl, 

1 * 6 erdj j man > the Serpent-holder, or tins Kinmlor, J.avo 
spaciet a The Herdsman grips his crook, the 
e pent-hokler has both hands full of the twining B „uk<>. 

was JT a 4 Cept ^ gUeSS ° f Pft1 V ftaia tho Kneoler 

held a chi GerU,anioils tells MB tout <>no hand 

U a clnb * other a lion’s skin. 

is U,e Ali0W ’ aU<1 0f ll0t ,uue1 » extent, 

in 1690 If 11 C ° n8tellfttiou * Vnipocula, framed by Hovel ins 
is the m / PnnClpal interest t0 tho nnked-oyo observer 

^rt; stre T ;’ Licb ■*- 

brated Dumb bell^ 1 ? ^ telcac0 P 10 observer the cole- 
nebula, Jus t visible in the fie I<1 -glass.! 






W.0r)/p 


GIIAITKR VJ, 

Tun Stars ok Autumn. 

Thu evidences of design and of connected thought which 
Lin? slurs of summer supply, in the threefold ropresenlut ion 
»*f tho Great Conflict and in I, ho group of the nirds, arc 
ov(mi moin distinct when wo come to I, ho slurs of autumn, 
piosided ovor by Cassiopoia, Ifor tho southern horizon is 
occupied ill- this season of tho your by a chain of hovcii 
constellations, all inarino in eluiriicl.or, and (hiNHiopeio, 
borsolf is a member of a duster of: constellation figures, 
live in nmnher, whieli, unique among tho stellar designs, 
Hots forth a distinct and we lb recognised story. TIiohu am 
the live constellations which, together with CetuK, preserve 
1IN *ho legend ol Perseus and tho nuiidon whom ho 
delivered. The story, as it has come down to un from 
Greek sources, is one beloved of roniaiiomts in all ages 
and in all hinds. A lovely maiden innocent liormdf of 
any fault, is yet condemned, in order to expiate the 
olToneos of her parents, to he exposed to some terrible 
disaster. Ifer ease seems beyond hope or Indp, when, at 
the very oriHis of her fate a young hero, who him already 
abundantly proved his mettle in other Holds, appear* oil 
the scene. Iter beauty and her distress alike appeal to 
him; and to his victorious powers, her deliverance in a 
hghl las It. Tho threatening monster is easily disposed of, 
and what promised to lie a grim and terrible tragedy, 
onds with triumph and rejoicing to tho sound of wedding 
bolls. 



78 


OONHTKM/ATH >N STl'DI Ktf. 


PERSEUS AND A N DltoM M I 


II; may bo, ua Brown assuror us, that wo hove in (bo 
Andromeda legend lmt another version *»r the idhpei vndiug 
soluv myth. Pomms may bo Ibir-Stiv, tin* sun « »f heir, 
that is to my, the solar llerahleiH clad in his linn’/i sdmi. 
and Andvomoda, bin bride', tin* rosy rod down ; but ti 
so, the dead myth has pinned through minds w |i» *oebi 
fill it with a human intoront, mid ho imbue it vAlli ib-» 
spiiit of life. As in the story of Pygmuiiou, it muv 
bo that that which was cold and dond wum I ho original ; 
but surely for us, m for him. Mm living (lulutoii in u.*i 
ouly more worthy, but is more real ami him limn lb.* 
lifeless marble whoso Conn she burn. Ho wo nm v at ill bed, 
upon Andromeda and Persons as m> more abstract imm 

of natural phenomena, but an (ho imioeeut pm ..i« 

maiden and her gallant deliverer ; the old , 

new and ever true throughout Mm agon of the world ** 
long history. 


of tho five constellations, Oussiopnia und (!eidi«"u>, 
were described in a preceding chapter. The chief eta.-* 

, 81 ’° Up U0 ' 7 inuIw ’ «onsidom|,ion are easy t„ bud 

wion once wo have found Cassiopeia. When Minmioprm 

skv ". , 10 41,0,1 m v llu high , 1 1 1 in Il„. 

genoi ,„H. ai ] H " S °« l4 41,0 uomra ' H 1,1 11 Hk'iiv which i.i 

“ th T ’ tS • h *"“ lh W . 

uowTuow, 1Z i’T **“ ° r 41,0 which 

proceeding *■*" - 

trr ;r; frora ^:r..rr 

^uaro^dnh "“T "" 

found. The MilU, W ay stea „ 1B do “ ^ ^ 
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where Cassiopeia is seated, to the east {mint. o(! tin* 
horizon; and along its axis, a cl mi a of bright. stars run 
down from Cassiopeia. The brightest of these is Mirfnk, 
i.e., “elbow,” Alpha I’oi'sei, marking t.lui ollniw of Hie 
hero as the word denotes. These three bright stars form 
the upper points of a greater W just, below tho smaller, 
more distinct; \V of Cassiopeia. The lower points of 
the W are marked by two stars, belli. I.’ersei, bid ter 
known as Algol, the “demon’* star, so called from ils 



A, Uoln I’i'iiiihI. 11, Alitlm IVifiiHl, (J, (linimm IVwihI, 
h, Until Amlromwlim. V, (loin Trlnnjfiill. (I.Uiuimm 
Porsol. IC, Alpha i'ovwil. I., Alpha. ArioUtf. 


1), A an I r< i in i > i In n. 

AiHli'oiuiiitiiu. II, itisLa 


Ww. 20. -Tho Greater “ W ” inul the “ Biiuuro” 


wonderful variation, and Beta Triauguli, the brightoat 
star in tho small but ancient constellation of the 
Triangle, 
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TRIANGULUM. 

This little chustellation, insignificant us it i« jji itself, 
is of great importance, from the evidence which it 
supplies that the ancient constellations were the romdt 
of deliberate design and forethought. Brown's ronmrktt 
on this point are so just that I may bo forgiven for 
quoting them. Referring to the typo of explanation 
popular iu a certain school, he says « They would 
say that someone noticed these stars, saw they roaomblwl 
a triangle, called them the Triangle, and everyone elm, 

° °" e( S1 ” fc > a Pretended explanation which merely 
Repeats the fact that such a constellation exists.’ ' It 

J S C 1 Cai ’ aS Blwn further P oi nts out, that thoro are 
lundreds ot stars which might have boon combined in 

fl 2! \? d 7 0Uld haV0 C ^ ]] y *«8Boatod such a 
sti-onr 7 1 ° a / eW W0uld have 8U b v gosted it mucli more 

Taira, tT 7 0Xa ' UI ’ 1C ' lh ° stara “> ‘l“ Iigh<1 „C 

ie selection therefore of those by no menus 

^77tvoZ f ° lm the e ° llstelIation of the Triangle 

li,i„ ' f mt ' 011 tlWt ' " ot «>o design, but their 

™Z:2T tmS ^ ***** ” to o‘4 «»- 

'iousMtomeda 01 0,9 constclliL- 

-»» iu :: i xr a Perso,,s ’ ,ia ^ •» — 

description of Aratus. 0 

"Ife Gulaided head, -her .houlder. ban. „ lrail , 0 _ 

A , ,U 1 ,n heaven captive form retain, 

°" her WH8t3 8tiI1 *«* the galling chains ” 

w . -PEGASUS. 

" teCrip,i0 “ 0£ t,W “ 0, Pogusus i8 ou „ . 



VGSwOECNV ' 
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of the fullest and most detailed of any. There is no need, 
however, to quote the whole, but ho calls attention to Mio 
circumstance that the star, now known ns Alpha A mini* 
mediie, the upper left hand star of the square, is common to 
the two constellations. Its name, Alphomfy,, “the Horse,” 
perpetuates the same tradition — 


11 Close and above her head fcho wondrous stood, 
With hoof and wing exerts a double spoocl. 

So close they meot, one brilliant star they bIihvo ; 
ItB body it adorns, and dcclfs her hair. 

His side and shoulder with throe othors graced 
As if by art at equal distaneo placed.” 


That is to say, these three with the star common to the two 
figures make up the Square. 

Of Perseus, Aratus says, after referring to Andromeda : 


“ Her anxious oyes 

Gleam bright with hope ; beneath hot- Persona (lies, 
Her brave deliverer— mighty son of Jove— 

Hia giant strides the blue vault olimb and move 
A cloud of dust in heaven. His falchion burn 
Peaches his honoured stop-dame’a golden chair.” 


The ” cloud of dust” alluded to is the Milky Way 

“V" a, ' m t of ' vhic, ‘- Mir “. the chief eta,. „f the con.' 
Ml. „„ stands. This "dnsf round MirMc 

“ P °™; elaSS P e, ' hi *P s the finest field in the ontim 

rtns oMi 77 hei " S fuU ° f etrenme of 

Alpha i„™,,rc, mCtiTe f ° nU - Mwi “* »Pward a-om 
Eta Persei ” ' 3slo Poia, pass through Gamma and 

Cassiota iies I 0 '", ** to IX-.ta 

Perseus, one of the fi" ^ ^ 81 '° at c!,,s(KI ' <>£ 

present. Then again « 8 ' tS the he(l ' v0,,s ha ™ to 

v s^ru.^r" r , tbe ,r; “ is "' 

AI S«>. lie. the cometdike cluster r\r '““ e<1 '‘° “ n ' 1 
e Clllster > 3i Messier. Grossing 
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ovor to the constellation of Andromeda, Gamma Audro- 
medao marks tho neighbourhood of the shower of 
meteors associated with Biola’s comet, and now en- 
countering our earth about November 23. Passing on 
to Beta Aiulromedao, wo find it the starting point of 
a lino of three stars pointing upwards towards 
Cassiopeia. The next of those stars to Bota is Mu, tho 
third .Nu, close to which, towards the cast, lies the great 
nobula of Andromeda, 31 Messior — after the great nebula 
in Oriou, tho finest example of that order in our skies. 

Tho on tiro region of Perseus repays examination with 
the opera-glass, and of Andromeda tho region noarost 
the Milky Way. Pegasus is much less interesting, but 
possesses a naked-eye doublo in Pi, the star in the horse’s 
hoof. 

Whon the second pair of tho stars which compose the 
Square of Pegasus is on the meridian, the entire southern 
horizon from tho south-west almost to tho oast is hold by a 
succession of designs, all of which represent either fishes or 
marine animals, or else streams of water. 

Tho first token of these marine symbols occurs in the 
pretty little constellation of the Dolphin that coils itself 
behind tho outstretched wing of the Eagle. Then 
follows the fish-tail of Oaprioornus. Next we havo 
Aquarius, with tho broad stream flowing from his ewer, 
and the Southern .Fish at his foot. Aquarius is 
succeeded, on the .Ecliptic by the long constellation of 
Pisces, a pair of fishes united by a waving riband. 
Below this group two other constellations repeat in 
more terrible form tho design of tho wator-pot of 
Aquarius, A. huge marine dragon known to us to-day as 
Coins, the “ Whale, but traditionally rather of saurian 
form, like the 

" Monstrous oft that of oil was lord and muster of earth,” 
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pours forth from his mouth a vast bifurcating flood, which 
sweeps clown below the horizon, 


DELPHINUS. 

The first member of this series lies noar Pegasus, and 
is easily found. A lino from Alpha Ophiuohi through 
Zeta Aquilae, aud another from Alpha Cygni through 
Epsilon Cygni, will meet together in a pretty littlo con- 
stellation, which, once picked out, can never bo forgo tton, 
its leading- stars being so noarly equal in magnitude and 
so close together. This is the constellation of the Dolphin, 
containing ten stars in Ptolemy’s catalogue. Two of 
these aie a little brighter than the fourth magnitude, and 
seven others range from that down to the fifth. Alpha, 
Eeta, Gramma aud Delta form a compact littlo lozongo, 
the straight line of Gamma and Delta being continued 
on by Theta and Epsilon. Though the Dolphin is one 
ot the ancient constellations, the names attached to thu 
two principal stars are quite modern, and are due to 
a piece of very clumsy humour on the part of Piazzi, 

dul/r 7 aSte0 "° mer ' Iu h “ c “ tal °S«o !>» intro- 
“ „ , r tW ° th6 uamos Eot “ OT “<1 Svalooia. 
until if W 101 BaVe a 8 °° d lut ' °* troul, * e to etymologists 
Piazzi’s s'™, S °, en ‘ hat th< V wore siln P>y the name o £ 

czj : ■ oco, ° Caooiatore * >“ .n-t 


OAPEICORNUS. 

tJL P tr 8 iS T T Mdiacal ^tollatiou to au.it 

is » centaur or man-horse 7 . * S . a8 ' ttarhl£ 

invariably a goat-fish The’ , 1 Uc0 “ lus ls a! >“Ost 

• 8 Ssl1 ' The S 0at i*M usually beon olc _ 
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Hfi 

jtliiiliil ns si;;iiil yiiij; Mm sou a, Mu*, wiutrr hoImMiv 

Kmh 'H " ,llt ^ ***m» I ms JN lh, hum 

tl ® u " ,,inv '; ■»' flit! »l iyi dm mrk-l„uml‘i.i K 

or il... X I'ciiijr iuln,.l..cl ns Mm symbol of Mu* , •limbing 
° r H,,1 b 'vliilul Mm /isl.-liiil (...intuit i„ Mm mi. is 
11,1,1 i.ii.lwinl^r, Wn lo.mv, Imwovor, Hint Mm 

• ’HiiNlcliafioiin won* m 1 ;i j ) | >1 <t I 01. |, oonltirins b, l„r«. 

Mu uinlor snlslin* li>|| in < 'iiprmoin, nm! Mini. Mir 
«xpl»iia(.iim, Imwovrr mgonioiiH, iviim lull a Into gonna. 

" UU] " wlu,n 11,1 IWUm, «r rh,. j ll( , ,,(• Hm* 

H1 I?H Inn! Ix'pii J,ihI. 

* Jipi'iooiu m 111 v ln> i omul 1 1 >• dm wing u nl.nii ( jlH )nm 

lrn| " V, W- Allair. Caprirorui li.vi j,„,| 

“ K r ' lT l ’ <,| " W A,,Un ' Vl';jll lioa (llmvi* ll, ii.miI Miurlili 

1(11 ,i|l! If >n.l . I ‘si, iniinisliiiluty (l .| (tlV n, 

"‘ M "" ,!l '* Kim Allah., n.nl Alpha 

iiml HHi1 ' wlli,,, ‘ """ li Mi" roof. of Mir Inn-mi ami Mu* 

< ' V, ‘ on, "\ ,u,i >"'<* Inti. IlM lo i„ Mm |j n o, 

nnly •■""HS-l-mhlv liiftljfi- up. A I pi in in Alg,*,|j t wl.hl, 

mm|,1 - v " ; limn t» 1 tni.ii,, **,| ni 

Hlan^hhirur" Tim Ural, of nhmi itl ,, 

in,tI 19 i " , " n,9li "i: H'lln I lull, if. I III K »u nm, 1 

• mnt,ivrl >' ly- Tim l.'vti alum lum* ,m rr.,1 

wi,h * •'«»«'■. <»><l Huir prop,*,- iiinlitm if( 

'I"" 1 "V" H h' K<MiiMf.l»in,c imm* film, a I, 

un, i in a ,lu, " Kll ' ul .V'Hi'rt. Mi’hi, Uapimon.i in u 

lioiiulil'ul iloulil,. i„ Mm * ,,M*n. ,,j M . f„ J(lll . r | Mlj|) 

I*'. " Hli * Y - hl " ( ’ »ly al,urs of any 

’ n f h,m!SH 1,1 ilh1 r,, "Mf,i|lai.in,i an, <|ii. um , 

IVltu, wliirli mark Mm Ihli-lail. I>„lu j„ Mm 

'nfflilusl, Ml.ni- n, U„. wlu.l.. mil mum, nml I,mh,-h Mm 

AI K i«li, Mm “ In if of Mm goat/ 1 h'ollowing Z„,a 

»y aim nl Mm him,,,* .linlaium U.al, Alpha is iron, II, ,fu, 
opnra-f'lriH„ will allow nn a liuii.L jminl. of li K |,|. f up 
h'Hamf, a largo oluntor ol' mmarhnblo riohimnn. 
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AQUARIUS. 


“ Down from bright Vegn, cast .your glance ni'iws 1 ho Dolpliin’H bjmkui, 
Thon just us fui* again vou'll Hud Hie Wulorbonror’a pluoo. " 


Aquarius is one of the straggling- constellations, and 
pretty nearly overwhelms Caprieomus. Ho has boon 
figured from time immemorial as a inuti pouting out a 
stream of water from a pitcher ; but for some reason, 
which is now lost to us, his right arm is stretched back- 
wards to the fullest extent possible so ns to reach over 
almost the entire length of Capricorn. The figure is by 
no meaus clearly marked out in the main. The stream 
from the pitcher can be traced in the number of faint 


stars in the eastern portion of the constellation, which 
lead downward in wavering curves to Fomalhaut, a star 
of the first magnitude and one of the four ancient- ItoyuJ 
Stars. Dwellers further south can recognise Fomalhaut 
without any difficulty, since Aehernar lies just midway 
between it and Canopus. But at midnight during the 
first few days of September it is impossible for 
Enghsh observers to mistake the star; it lies low down 

on our southern horizon without any serious competitor 
near it. 

Its namo Fomalhaut simply moans “the Fish's 
iloutli," for strangely enough through all t;lm long 
centuries that the starry symbols have come down to 
US, Aquanus 1ms always been shown m pouring forth 
us stream of water into the mouth of u fi„h ; 1„ 

the strangest and most bizarre of symbols. 

the Z!r t 'f B ' !ta . CaiU ' iCOr,,i “ d Al, ' hu A '» ,,arii »>"« 
AMu a!, * ™ ngle "' hicU “ ™trly oquilateml. 

star of the T ,S “ T™ ° S the “ fortuuaLc 

Star of the King , Beta Aquarii, ouo-tl.ird of the 


way 
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from Alpha Aipiuni to [ 5 o| :t ( iaprionrui, j ;i Sntlul Sml. 

liu! IiioMohI, ol lilt' lurk v, v snpposo.l (o rofor { < > Hit* 
good fori, uno al.loiiding |.|,o pulsing of winlor. Alpha mol 
Hula, mark I, ho I, wo .shouldor* of Mm Wat orp.mi or. mol 
ilmui hriglil, mIuth near Aljdm, (jaimim, Kin, mol lh. will. 
a I'ourl.li, Zola, almost. in Mm oonl.ro ol lln< Inmigfo, 

lm,rl ‘ ( ' !,,? '""Jy "f (ho pitclior IVmn whirl. AtpimiuM in 
pouring. 

I lio ouIhI rololiod arm ol Atpim-iim in nmrkoil In a n|ii;hil\ 
o.umal lino of Hlara oxloncling |‘nnii Ih-to V.piam U Alpha 
C'upriooriii. Two fairly hriglil alnr.s, Mu ami Kp.iihm. it.mr 

Alpha (Jnpriitorni, givnllm phioo of Urn Wulor- hom or'a I I 

fn l.ht* mold In of (,lu* arm i« Nn, n mn. lt fninlor ,lnr, mol 
ahoiil, a dogron ami a half pn-ooding it. .In ,1 |,. 1|V | V 
wiLliiu (ho jtowor of an optM-ii-gluns In iwoal it m a fiunt 

P'liid, ol light, in ono of (ho numl, ImTnl .»f i| M < 

pianola 17 imlmlio. Midway Im*|.wi*oii Alpha mol l!Hn Atpmrii, 
luitahnvn Urn lino joining I li«*m, in M . in Dm ,,f <|o< 

Wator-pouror; "almiipof Uno mu, ml " wli.w onoh nruin 

Him. 


(Writs. 

Tim liguroH whioh loll |,|,o almy .»)’ IWmim mol Vit.h*. 

1,10,1,1 a, '° wvmi ivul or v 

I7 ('< | l.iiH| I ho oimmv from whioh IWao.m mo, I 1 ho 

nuudmi, and il.Holf omphal.ioallv Mu* Sou oMoimlor. { \ ul > 

is Urn connoHion limifod h, thin mm .l.mign, for |j h , 
Htollalimi ol l'in,:on him homi plainly uno. I (,> nin - v „„ 
thought ol 1,1m hoHtilil.y holwoon (lofnn ami A lulnnnotht, 

whioh miglil, oM.nrwian urapod roongi,j|i„n ,,wi„ K p! 

too diHtanen whinh lion holwoon Mmm in Mm ahy, Tim 
Htieam, Iilridan.iH, loo, whirl. Col.im appoam In hiivo' pourr.l 
<mt oMum mouth, in rviduully an integral pari. „f |} m H |„, y 
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as wc find .it in the heavens, though the old Greek legend 
has lost trace of it. This fivo constellations therefore of 
the Royal Family, as they have boon called, have a 
distinct connection with some at least of tlio seven 
marine groups. But at all events tlio gathering together 
of these seven, all of the same watery character, all in the 
same quarter of the heavens, no dissimilar forms being 
permitted to intervene and break the chain, is a veiy 
striking circumstance. 

It is impossible to suppose that the association of 
these seven watery constellations in such clone con- 
nection with each other can bo merely accidental. We 
may dismiss at once the idea that they have any special 
reference to tho rainy season, for an eighth water con- 
stellation is supplied us in Hydra, the Water Snake, 
which, with the seven just named, vory nearly completes 
the circuit of the sky. Wo should therefore have to 
conclude that we were dealing with a climate which was 
rainy throughout the year, a circumstance not likely to 
be symboli'/.ed in this particular fashion. 

Anything like an adequate discussion of the true 
significance of this grouping would lead us too far 
astray our present purpose. Greek mythology saw 

in Cotus the monster which Neptune sent to destroy 
Andromeda, in punishment for the pride and insolence 
of her mother Cassiopeia, and this, of course, is tho account 
of Aratus. 

** Mark where tho eavago CotiiB, crouching, oyim 
Andromoda, secure in northern slues i 
T ho Fish and horned Bam his progress bur, 

Nor dares he pass tho track of Phoebus’ ear." 

Brown identifies Cetus with the Euphratcun Tianiat, 
tlie Bpivit of Chaos, the onorny of tho beneficent gods, 
and opposed to law and order ; and he notos that tlio 
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southern heavens are generally given over to creatures 
of like ill significance— Hydra, Scorpio, Lupus, Corvus, 
Ganis— representing, with Cotus, and perhaps Lopus, the 
“ Seven Evil Spirits ” of Akkadian mythology. 

To the eye, the principal stars of Cotas form the out- 
line of a lounge chair, spreading over a vast expanse 
of sky, its length being 50°, its average breadth 25°. 
Though none of its stars are bright, Beta only being of 
the second magnitude, and Alpha about 2^, the general 
outline can he pretty easily followed. Proceeding from 
east to west, Kappa, Alpha, Gumma, Delta and 0 micron 
mark out the headrest of the lounge chair, or if we 
prefer so to speak of it, the lower jaw of the monster. 
The body of the chair is carried on by Theta and Eta, 
whence the axis of the constellation curves down to 
Beta, the footrest of tho chair, or the tail of the beast. 
The back leg of tho chair is marked by Epsilon and Pi, 
in a straight line with Omicron; whilst 25c tn, Tau and 
Upsilon, springing from Omicron in a graceful curve, 
mark the front leg. Only a few of tho stars have 
distinctive names in common use at present, Alpha is 
known inappropriately as Menkar, the “Snout,” as the 
title more strictly belongs to Lambda, tho fifth mag- 
nitude star above it. Beta is Diplida, the " Prog,” its 
Cull name being Diphda al Tania, the “ Second Prog,” 
the first being Fomalhaut. These two stars were grouped 
together by Aratus as well as by the Arabs. 

“ The southern Fish beneath Aquarius glides, 

And upwards turns to Coins 1 scaly sides. 

Rolls from Aquarius' vnso a limpid stream 
Where numerous Btars like sparkling hubbies gleam j 
But two alono beyond tho olliois shino ; 

This on tho Fish’s jaw — that on Ihe Monster's spine.” 

The star of Cetus is Omicron; its title of Mira, 
“‘Wonderful,” being justly given to it because of its 
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remarkable variations). It does not occur in 'Ptolemy's 
Catalogue, and (lie first recorded observation took place in 
ISM, when David Fabriciu# observed it as n I bird magni- 
tude stiiv. At its minimum it entirely disappear# from the 
unaided sight, ils brightness sinking down in the extreme 
case as low us magnitude !)*. its maximum is usually 
about that of the third magnitude, but if has been known 
almost to equal Aldelmran. its period of variation occupies 
eleven months, for about hall: of 'which it is invisible to 
the naked eye. Under ordinary circumstances, therefore, 
its brightness at maximum is four hundred times that at 
minimum half a year earlier; whilst its extreme range of 
brightness is four times as great an thin, Wueh a variation 
still baffles our every attempt to account for it, satis- 
factorily; the explanation winch obtains most currency, 
namely, that Mira is a dying nun, the surface of which 
from time to time is nearly hidden by enormous sunspots, 
is hut a crude guess which leaves us still with many 
diflioulties. It is certain I, hat a variation in the case of 
our sun of hut a tithe the amount, of Mini’s would leave 
this earth as bare of life as a. meteorite, ore it Imd passed 
through a single course of its changes. Yet Mira is hut 
the chief and representative of a large class of variable 
stars. 

JUBUIOH. 

Tho idea of Ootus us the persecutor of Andromeda is 
carried out on our modern star atlases by tho intervention 
of the zodiacal constellation of the Pishes, and indeed the 
arrangement is warranted by the description which A rates - 
has given us in his poem — 

‘‘ Whom tho oijuutor onto the zoiliuo lino 
On tho blue vault, tho glilloring Kifllius shino. 

Though fur iqnivt, a diamond almldod ohnin, 

Clasping tlioir fiilvor tailo, unites tho twain. 
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’Iho northern one nmro bright is seen to glide 
’Homuilh Hut uplifted arm and near l.lto side 
Of fair Andromeda.” 

The leant of the riband actually resl s on I ho Meet of the 
Hull- Monster, and as the riband si, rotation northward to the 
Northern Pish, the lattor is often represented iih playing 
th(5 part of Co tun, and actually fastening on the side of his 
devoted victim, who might otherwise have smiled securely 
at the distant hate of the Sea-Monster. There does not 
appear, liowovor, to bo any sullieient tnul.il. ioiml authority 
tor this relationship. The classical legends identify (he 
twin fishes with Aphrodite and Kros, who plunged into 
the Euphrates to escape from the attack of the monster 
Typhoii; clearly only an imperfect Greek rendering of an 
Eupluutoan tradition. The doubling of the lislnm is sup- 
posed by Say oo, but manifestly without due cause, to be 
duo to the double month A.dar, that is to say, A.dur wi(h 
the intercalary month Ve-adar. Tim constellations must 
have been, and were, mapped out long before the division of 
the zodiac into the twelve equal signs of U0° each, associated 
with fcho months. 

Although Pisces is a particularly dull constellation to 
the naked eye, its two brightest stars, Eta and Gamma, 
barely surpassing tlm fourth magnitude, it is an easy 
constellation to trace out, as it consists chiefly of a number 
of stars between the fourth and lifth magnitudes, arranged 
in two obvious streams. Alpha, the most easterly star 
of the constellation, is not far from Mira. Oeti, and marks 
tiro knot where fcho two cords attached to tlm tails of the 
two fishes aro tied. This is implied by its name Okda, 
from Olcda al ICaitain, the 11 knot of the two threads.” 

'I ho Hilkon bunds that join tho Fish us 1 (nils 
Moot in a star upon Iho Monster's scales. 

Bononth Orion’s foot Ki’idnmm begins 
Hia winding course, and readies Otus’ (Ins.” 
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EBIDANUS. 

i. ho constellation oi: the Stream is u large but not 
specially well marked one. Aratns and .lilmlostliones 
pi\e it the name “ Eridumts,” and it scorns extremely 
piobablo that the Akkadians identifLocl it with the 
Euphrates us tin? Egyptians with the Nile. Brown con. 
sidois that the name “ Eridtiutis ” may bo a Turanian 
river mime, meaning “strong river.” The meaning of 
the placing of the river in this part of I, ho heavens is 
not apparent at first sight, since the story of Pur hi ms 
and Andromeda, with which this Sea - Monster is con- 
nected, gives no record of a stream or river, unless we 
consider that the constellation refers to the Hood, to 
cause the abatement ol: which Andromeda, was sacrificed, 
H this bo so, then no doubt Eridnnns stands for the 
Oiuat Beep ol the Primeval Chaos of which the Sea- 
Monster typified the indwelling principle. Proctor has 
seen in the constellations surrounding Am n note of 
the Hebrew account of the great Bolug-e, and it is 
possible that in this flood of Eridnnns which the Sen- 
Monster pours forth from his mouth, thoro may equally 
he a reminiscence of the same great flood which figures 
so largely in Babylonian tradition* 

Only two of the stars of the constellation hear .special 

Oi' it tuny Ini comieufcud with an Akkadian tradition referring to 
a yet, earlier time j "when within the sea tlioro wus il atrenm ” which 
llowod on both aidon of ftridu, tbo l'hl on-oily, situated in tlio Abyss. 

flitt Abyss hiitl not been made, I'lridu had not boon const reeled, 

1 lio glorioua house, I lie house of lliogode, its sunt Inul not boon iiinde— 
Tito whole of the lands wore sou. 

When within the son tlioro was a stream, 
lit that (lay I'lridu was made.” 

rindios’ Translation of thn Akkadian Ormtian Lrr/vivt, 
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names in common use to-day — Alpha Eridani, a bright 
star far below our English horizon, is now known as 
Achernav, meaning “ the end of t,ho river. In Ptolemy s 
Catalogue the star with the corresponding title is our 
Theta, a star some 17° further north. But apparently 
it was felt the constellation lost its meaning unless it 
was prolonged downwards to the horizon, and hence as 
new stars came into view with southern exploration, the 
constellation was prolonged to within 32° of the southern 
pole. Beta Erklani, the brightest star in the part of 
tlio constellation familiar to us, and close to Rigol, the 
bright star on Orion’s knee, is sometimes known as Oursa, 
the “ footstool ” or “ throne ” of Orion. 

ARIES. 

Close beneath the lower points of the greater W, noticed 
above in describing Perseus, close, that is to say, beneath 
Beta Porsei and Beta Trianguli, is the small but distin- 
guished constellation of the Ram. He can also bo found 
readily by following the stars which mark the belt of 
Andromeda. Proceeding from Hu Andromodra through 
Mu and Beta, we find at double the distance between 
Nu and Beta the extremely flat triangle which marks tho 
Ram’s head. As Avatus tells us: — 

M No splendid gems his golden fleece tidorn, 

Two dimly glitfcor on his crooked liorn. 

If you would find him in tho crowded skies, 

Beneath Andromeda's bright belt ho lies.” 

Of these three stars, the brightest, Alpha, is tho furthest 
to the north and east ; Beta, tho next in brightness, is 
next also in position ; and Gammay the most southern 
and westerly, is the faintest, A compact little triangle 
about half-way from Alpha Trianguli to the Pleiades 
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comprises practically all tho other important stars oil tlio 
constellation. 

. ^ I<! mythology of tho constellation is as little striking 

its is its actual appearance in the sky. It is, of course, 
associated in Greek mythology with the voyage of the 
Argo; it is indeed the Rain whose golden fleece the 
Argonauts went forth to seek. But the story carries no 
conviction with it, nor is there anything in the surrounding 
constellations to support tho legond, although so great 
an astronomer as Sir Isaac Now ton hold that the stellar 
symbols wore intended simply as a record of the Argoiuuitic 
expedition. 

An explanation which at first sight appears more 
plausible, assorts that the Ram was the constellation 
in which tho sun was placed at the spring equinox at 
the time when the constellations were mapped out, and 
that as the first of the zodiacal twelve, it was natural 
to symbol i/,o it as tho boll-wether of tho starry Hooks. 
Unfortunately for this theory wo know that tho con- 
stellations were mapped out at a far earlier epoch, when 
the equinox loll in tho middle of the constellation 
Taurus.* At that date tho constellation of the Ram 
came Iasi, of tho zodiacal twclvo, and to represent it as 
the stellar boll-wotlier would have boon absolutely the 
most unnatural thought possible. 

Yet from an early ago it lias had that position. It 
is the leading sign in the systems of astrology which 
have come down to us through tho Greeks, and it figures 
as the leading sign in most of tho explanations of the 


# Mr. II. hrown, on page 54 of Vol. I. of “ Primifcivo Constellations,’' 
following an obvious slip of Prof. Sayeo, says Hint llie dollar Ham 
“ onwards from u.o. 2540 oponod tho yoar," instead of " from 2540 
years ago" tho time when Uio equinox really foil amongst the throo 
Iflnra of tho Ruin’s hotul. 
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constellation figures which have come down to us from 
antiquity. 

There is a great significance in this fact. It proves 
at once that these astrological systems and these theories 
of the constellation figures, not only took their riso at 
a later epoch, but that when they took their rise the 
real origin and meaning of the designs had been wholly 
lost, 

The only stars in the constellation that arc usually 
known by fclioir Arabic names, are the three in tho 
head. Alpha is known as Hamul, tho “ Hum," tho 
brightest star being put for the entire constellation. 
Brown indeed asserts that the stellar Ham was in tlio 
first place only tho star Hiunal, the constellation being 
formed round it af tor wards. In Chaucer the star is 
referred to as Alnatli, that is to say, “the horn -push,” 
a name moro commonly associated nowadays with the 
star on tho tip of tho northern horn of tho Hull, Beta 
Tfturi, to which it is oven more appropriate. 

"And by hie oighto spot-os ill his working, 

Ho know full well how fnr Alnath was sliovo 
Fro tho head of thilko ilx Arioa above, 

That in tho nintho spoi-o coneidoroil in." 

Since tho actual stars woro accounted to ho placed in 
tho eighth sphere whilst tho twelve equal signs of tlm 
Zodiac, oaeh of thirty degrees of longitude, woro placed 
in the ninth, Chaucor is hero stating that his astrologer 
know the distance from the first point of Aries, that is 
to say from coles tial longitude 0°, to the first star in 
the actual constellation Aries. In other words, ho knew 
tho amount of precession. 

Beta and Gamma bear tho names Shoratan and 
Mcsartin, tho former word meaning “the two signs/' 
tho lattor “ tho two attendants.” The two names taken 
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Tun H'i.'jViih or* Wintkk. 

Tun long nights of winter are the tiiiKMvhon the heavenly 
hosts gather in Mumi- most resplendent squadrons, SirhiN, 
by lav tin? brightest of all the llxecl stars, reaches the 
meridian al. midnight of Now Year's Day. Orion, the 
most splendid single constellation, is crossing from 1.0,110 
to 11.10, the same night. Trocymi, the Dosser Dog 
star, follows Sirius in its southing by about forty 
minutes. I'lnst and west of those are I, ho two bright 
zodiacal constellations of tlio Twins and the Hull. Smith 
and oust of .Sirius is the hugest, of |;ho constellations, 
the ship Argo, resplendent with many brilliant stars, 
but distinguished amongst all the stellar groups by tho 
numbers and tho compact clustering of tho small stars 
just clearly within tho grasp of tho unaulod sight. 
Amt UN marks the special glory of this region, though 
Dr. Lamb fails, as ho too often does, to represent his 
exact moaning. 

"!Kir«b rino iillevurb tho Dali- -majoalin siglit, 

Orion's giont limit:) and shoulders bright, 

Who bitt ndmiroa him h tulU ing through tho sky. 

With diunnmd-Blaidtlod holt umi gliltoriiig thigh. 

Nor with Iobb ardour, pnuniiiig on hio bnok, 

Tho mnlllod Hound ]>ur«u«JH tin fiery truck. 

Dark uro his lower parts tie wintry night, 
llis head with burning star, intoimoly bright, 

Mon call him Birins, for his blasting breath 
Dries mortals up in pofdilonco and chinlli." 
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There is no difficulty at all in finding the principal stars 
of the Bull, tlie original leader of the zodiacal twelve. 
The Pleiades, to the naked eye by far the most striking 
star cluster in the heavens, mark tho shonldor of the 
Bull; the Hyades, a looser, but yet brighter group, mark 
its head. The latter group forms an exceedingly well- 
marked capital Y. Aldcbaran, Alpha Tauri, a bright 
orange star, marks the upper loft hand of the V. 
Epsilou Tauri similarly marks tho point on the right, 
whilst Gamma marks the angle. Theta 1 and Theta 2 
lie between Alpha and Gamma, and three stars marked 
Delta lie between Gamma and Epsilon. .Following the 
two branches of the V eastward to about four times 
their length, we come to Beta and Zeta, which mark 
the tips of tho two horns, Beta, tho northern horn, 
being much the brighter of the two. These are the chief 
stars in the constellation, for tho Bull, like Pegasus, is 
shown only in half length, and beside his head and horns 
possesses little hut the forelegs. Iota Tauri stands just 
midway between Beta and Zeta on the one side, and. 
Alpha and Epsilon on the Other. A straight linn from 
Iota through Gamma leads to Lambda Tauri, and followed 
on, passes just below Omioron Tauri, which forms a m \ r 
with Xi Tauri. 


Tho names in the constellation in familiar use to-dav 
are restricted to the names for the two groups the 
Pleiades and the Hyades, to the classical names for the 
m lvulual stars m the former group, and to tho two 

* Z t lpha t Bet »’ - Already noted, is Alnath, 

the horn.push' ; Alpha is Aldebaran, « tho follower,’’ 
that is to say, of the Pleiades. 



THE STARS 01? WI3JTJ5B. 


10.1 


!Nl’iu‘ Persons knoo, tho Plonuls next am roiled 
Liko Hovon pure brilliants sot in ring of gold • 
f J'iu»ugh cnoli one small, fclioir splendour ail combine 
To form ono gem, and gloriously they sliino. 

Tlioir mmibor sovon, though bomui men fondly say 
j\ik1 poets ioign that ono has passed away. 

Aloyono — Columo — Mompo — 

.lilod.m — Tuygota — and Stompo — 

With Main — honoured Bistorliooil— by Jovo 
To rule the seasons plneed in heaven above. 

Men mark thorn rising with tho solar ray 
Tho harbinger of summer’s brighter day. 

Mon mark thorn rising with Sol’s sotting light 
Forerunners of tho winter’s gloomy night. 

They guido tho ploughman to tho mellow land j 
.1 lie sower easts his seed lit their eoininand.” 
all tho star groups none figures ho largely in myth 
and logout! and literatim) as tho Pleiades. The name 
Pleiades is probably derived from the Greek Ploionos, 
“ miul y>” itnd Records with the Hebrew Kimak , “ tho 
cluster”; tho Babylonian “ Kimtii,” “the family,” and. the 
Arabic Ath-thurayya, “ tbo little ones ” Tho names given 
to tho individual stars are those of the sovon daughters 
of Atlas and Pleione. According to Aeschylus they wore 
placed in heaven on account of their filial sorrow when 
tlioir father was turned into tho mountain and laden with 
the weight of the firmament. Of tho numerous other 
names which have been given them, the “ Hon and 
Chickens ” is one of the most familiar. Thus Milos 
Covordale in a marginal note to tho book of Job in his 
translation of the Bibio, calls thorn “ tho Clock Henno 
with her chickens.” Many of tho Greek poofs refer to 
thorn as “the doves” or “rock pigeons,” writing their name 
as “ Poleiados.” They wore likewise tho “ Vorgiliao,” “the 
stars of spring,” or the “ Atlantidcs,” from their father. 
Modern astronomers have commemorated Atlas and Pleione, 


r 
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the parents of the seven, in l.lio pair of slurs mi Mu* > ii si 
of the group. , 

Their value to the unoionls ns an indication of the 
seasons and the progress of the your wan immense. Am 
noted in Dr. Lamb's unduly expanded puraplmuie from 
Aratus quoted above, Hum* helium, I rising showed I ho 
commencement of summer, their iionmiml rini nj r (he 
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commencement of winter, Dour thousand yen.rn ego 
they marked the position of the sun at M,u spring 
equinox, and wore therefore then especially closely con- 
nected with the revival of the forces of nature in the 
opening year. This no doubt is the first meaning 
tho reference to <( the sweet influoneo of the IMeindoH *• 
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3,1 Job xxxvm. AVI) iloi in conjunction wit 1i (he hum they 
wore hidden from view for forty days, reappearing as 
summer drew near. Thus Hesiod sings 

“Thoro is a timo wlicii forty days (hey lit* 

And forty nij'htH iHHW’i'alocl from htuntin «yv ; 

■Hut in tlio tioui'80 of the revo 1 vittj> your 

Whim tlio awaiii 8 }iiu'|im tlio noytlii', uj'uin u]i|M‘»r." 

fn November, on Hie other limid, I. liny are up all night, 
ami are on the meridian al, midnight, In .soine mysterious 
Wll .V they beeamo associated will* (ho memorial observem-os 
lor tins dead which in no many milieus have always been 
associated with this month of November, and which seem 
lo point to the grunt (dmstitin eonnmmionition of All Hands' 

I )ay. 

A keen sight will count nine or Ion slurs in the gmup. 
Moduli in, according to his pupil Kepler, counted four- 
teen. Miss Christubol Airy plolfed twelve; but these 
high uumbern are hardly obtained legitimately, imiHuumh 
as they ineludo nLuth lying nt sonm considerable disliuieo 
from the main portion of the group. Mix shim are 
easily seen, and amongst niitioim the most widely scattered, 
and uncoil nootod, wo find Hie tradition that though six 
stars are only visible to-day, seven whs their original 
number. Tlio probability Mourns that thin is no mere 
legend, but tlio record of an aslnmomiml fuel, Huveral 
of the present Pleiades urn slightly variable, and Alcyone, 
the leader in brightm-sa to-day, would seem to have 
only attained that rank within tlio last few centuries. 
It is therefore quite eonoeivablo that one of the 
members of the group, now too faint to lm dob-clod 
without a tolosoopo, may m time past have fully rivalled 
her sisters. 

lilvon such small magnifying power ns an opnra*glunn 
can lend greatly ine reason the beauty and interest of 

J 2 
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■both tlio Pleiades and the Evades, and the whole region 
between the Bull’s horns. Close to Zeta- Tauri, the 
southern horn tip, is the Crab nobula, tho first in 
Messier's catalogue, and, from its comet-liko appearance, 
a snare to beginners in the art of comet socking. Zeta 
Tauri marks very nearly the radiant point of ft shower 
of very slow aud bright meteors, active at tho end of 
November and early in December; whilst Epsilon Tauri 
is not far from the radiant point of tho other groat 
Taurid stream, active from October 20 to tho end of 
November. 

Lambda Tauri is a variable star of the same class as 
Algol, Beta Persei 5 that is to say, its variation is due 
to the transit across it of a dark companion. Its period 
ia lk, 12m. short of four days ; its maximum, or rather 
ordinary light, ranks it of magnitude 3’4; at minimum it 
sinks down to 4*2. 

AURIGA. 

“ Noxt the broad back and sinewy limbs appear 
Of famed Auriga, dauntless charioteer, 

Ear in tlie north his giant form begins 
Teaching athwart tho sky the distant Twins, 

Tho Bacred goat upon his shouldor rests, 

To infant Jgto sho gave a mother’s breasts. 

Lind foster nurso ! Grateful I10 placed hor hero, 

And bade licr kids their mother’s honour share, 
****##### 

Auriga and the Bull together meet, 

Touches liis star-tippert horn the hero's feet. 

The Bull before him to the west dcsconds 
Together with him from tho east aseonda.” 

Beta Tauri, the northern horn, belongs also tradi- 
tionally to tlio constellation of Auriga ; now known as 
“the charioteer,” although no chariot is visible, and 
in Ptolemy s star list as woll as in our modern ropro- 
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sontations lie is described as in the attitude of a shep- 
herd, carrying a goat on his shoulder and. a pair of 
little kids in liis hand. The Greek name for the con- 
stellation is Henioclius, “ the holder of the reins ” ; a name 
preserved for us in the Arabic name for Beta Auriga), 
“Menkalinan,” “the shoulder of the rein-holder.” 

The chief stars of the constellation aro easily picked 
out, Cap ell a, a bright star of a yellowish creamy light, 
nearly balances the steel-blue gem Vega on the opposite 
side of the pole star, and with Menkalinan (Beta Aurigai) 
has already been described as one of the great guide stars 
of the circumpolar regions, and the zenith star for the winter 



A.tCapella. 33, Houlmliunu, C, Castor. I>, Pollux, li, Altlokimn. 
F, AlnntU. 

ViG. 22.— Auriga, Gemini nud Taurus. 


midnight. Taking Beta as the head star of a cross, Onpolhi 
marks the western extremity ol tho crossbeam, Theta the 
eastern, and Iota the fool A straight lino from Theta 
upwards through Bela leads to Delta, a star which marks 
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tho head of the figure. Of the throe stars marking tho 
little triauglo by Oapollu, Epsilon is nearest to Oapollu, ami 
Eta and Theta, known ns tho Huodi, " the kids,” mark 1.1 in 
short sido of the triangle. 

In rocon t years tho constellation has boon most dis- 
tinguished by tho appearance of tho now slur discovered on 
February 1, 18S12, by Dr. T. D. Anderson, using only a small 
pocket telescope. Tho position of tho .‘Nova is in tho 
extreme south of the constellation, about 11° to tho north of 
Beta Tauri. At tho time of discovery it was about the 
5th magnitude, and slightly brighter than (Jlii Aurig/o, 
which is just 2° to tho north of it. 

GEMINI. 

Passing on further to tho west, a pair of bright stars 
are soon as far below tho fore-foot of tho < I real Hear 
as Alpha is abovo it. Those arc Castor and Pollux, tho two 
chief stars of tho constellation Gemini, (he "Twins." 
This constellation is, according to Brown, a stellar repre- 
sentation of tho groat Twin Brethren of the sky, 1.1m 
sun and the moon, who join in building a mysterious 
city and who arc hostile to each other although they 
work together. In classical legend they are tho children 
of Zeus and Leila, the Dioskouroi, and by no moans have 
the fratricidal relation which this interpretation would, 
suggest. Tho idea of strife between sun and moon is 
natural enough, and no doubt many stories like that 
of Romulus and Eomua took their form from such a 
naturo myth. But tho idem of strife is not the leading 
one in most of tho legends relating to the stars Castor 
and Pollux, who are indeed shown as man and woman 
on many Zodiacs, and I think that this fact renders, 
it questionable if it is safe to press far tho theory 
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that the ancients, so to speak, solarized tlio stars, designing 
the constellations to perpetuate tho stories in which 
they had dramatized their conceptions of solar and lunar 
relations. 

The limits of the constellation are easy to trace out. 
Four fairly bright stars, nearly in a straight line, mark 
the feet of the Twins, whilst Castor and Pollux mark their 
heads. They are standing in fact upon tho Milky Way. 
The four feet stars are Mu, Hu, Gamma, and Xi. Close 
by Mu is Eta, another star in tho foot of Castor, ami 
in tho neighbourhood of these two stars is a splendid 
cluster, 35 Messier, which is just visiblo to tho naked 
eye, but which well repays examination with an opora- 
glass. Castor is one of tho most celebrated of don bio 
stars, though of course altogether boyond tho grasp of 
an opera-glass, as the components aro not ()" apart, but 
the constellation as a whole is a fine one for examination 
with tho opera-glass, especially in the region of the 
Milky Way. The contrast in colour between tho two 
principal stars, Castor and Pollux, is noticeable enough 
even with the naked eye, but becomes very striking when 
the glass is turned upon them. Gemini forms the homo of 
several important meteor-radiants, the principal one being 
that of December 10 to 12. 

Zeta Geininorum, which marks the knee of Pollux, is an 
opera, glass double, a seventh magnitude companion being 
distant from it a minute and a half. 


ORION. 

A straight lino dropped from Capolla through Beta Tam-i, 
the northern horn of the Bull, leads straight to tho centre o£ 
Onon, the brightest and most famous constellation in the 
Shy, and tire most frequently alluded to in lUomturo, anciout 
or modern, sacred or classical. 
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Both tho Authorised and tho Revised Versions of 
the Biblo refer tho Kesil of Job xxxviii., 31, to this 
constellation. There is much probability that tho 
rendering of tho Revised Version for tho other two 
constellation names mentioned in this text, Aish and 
Kimnh, “tho Bear" and “Pleiades,” are quite correct, 
but thero is move uncertainty in the present identifica- 
tion. Kesil means “ impious, mad, rebellious,” and as 
such is traditionally supposod to refer to Nimrod, “ tho 
mighty hunter before tho Lord,” supposed to be tho first 
groat conquorov, and tho first to sot up a tyranny based 
upon military power. One difficulty in rendering Kesil 
by Orion is that tho same word occurs in tho plural in 
Isaiah xin,, 10, whore tho word is translated “ constella- 
tions. ” If Kesil, therefore, really refers to Orion, wo 
must suppose that in this passage tho most glorious 
constellation of tho sky is put for constellations in 
general; unloss, porclianco, Bootes was rogardod as a 
second Orion, as suggested on page 52. The context, 
howovor, would rathor lend to the idea that wo should 
look for a winter constellation to correspond to Kesil ; for 
just as “ tho sweet influences of the Pleiades ” evidently 
rofer to tho revival of nature in the spring, so “ the bands 
of Orion ” may bo naturally supposed to point to its 
imprisonment by tho cold of winter. If Nimrod bo really 
tho original Orion, there was ail unsuspected appropriate- 
ness in tho sycophantish proposal of the University of 
Leipsig to give the centre stars of tho group tho name of 
Napoleon, tho most modern example of the same mad 
ambition. 

Brown tracos tho name Orion to tho Akkadian Ur-iina, 
“ tho light of Heaven,” a poetical and most natural title 
for tho most beautiful and brightest of all the stellar 
groups. And it may well have boon that, as Brown 
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further thinks, this name was given because the con- 
stellation was taken as a stellar reduplication of the otio 
groat light of heaven, tho sun ; or the same name having 
been givon independently to both tho sun and the con- 
stellation, the latter was taken as representing the former. 
The stellar giant, therefore, on this view presents to us 
a personification of tho sun, “rejoicing as a giant to run 
his race.” 

But wliat does ho pursite ? His prey is found in the 
little constellation beneath his feet, one of no distinction 
or brilliancy, tho Have. 

“Up from tho cast tho Have boforo him flics, 

Close ho pursues lior through tho southern skies.'' 

Now it is certain, as Brown points out, that “ tho amount 
of folklore and zoological myth which all over tho world 
connects the moon and tho hare is simply astonishing.” 
Of course it does not necessarily follow that the Hare 
as a constellation is also a symbol of tho moon, bul; at 
least tho suggestion has no improbability. It is possible, 
therefore, that in Orion tho mighty hunter trampling 
on the timid fleeting hare, wo ought to recognise a 
primeval emblem of tho rising sun overpowering and 
crushing with its vastly more powerful light tho feebler 
rays of the moon as sho does before him towards the 
west. But whether the two Bogs which wo find attending 
and following Orion liavo any deeper meaning than tho 
natural desire to pieco out this picture of a hunter and his 
chase, by providing him with a leash of hounds, may well bo 
doubted. 

Tho figure of tho giant huntor is ono of the very easiest 
to make out of all the constellation figures. Seven bright 
stars stand out with special distinctness. That furthest 
to tho north-east of the seven is obviously orange in 
colour, and is Alpha, Be tel go use, *' the shoulder of tho 
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giant.” Tho star in tlio nortli-westoru corner is Gamma, 
Bollatrix, “the female warrior.” This last title is from 
tho translation in the Alplionsine Tables of the Arabic 
title Al Hivjitl, “ the conquoror.” The sonth-wostorn 
corner is held by Beta, Bigol, tho “ foot," tho brightest 
star of the constellation. Tho fourth corner, tho south- 
eastern, belongs to Kappa, now known as Saipli, “tho 
sword," tho namo having been transferred to this star 
from Iota, to which it really belongs. Three stars marie 
tho Belt of tho giaut, as the four foregoing mark his 
two shoulders and his logs. These in succession are 
Delta, Mintaka, “tho girdle"; Epsilon, Al Kilam, “the 
string of pearls ” ; and Zeta, Al Nitalc, “ the bolt.” The 
sword is marked by a short row of stars in a straight 
lino below Epsilon. Those are, 42, Theta and Iota. 
To the eye, Theta is a misty star ; its diffused 
appearance being duo to the great nebula, tho most 
glorious object in the heavens. Between Alpha and 
Gamma, but a little to tho north, is a compile t little 
triangle of stars, Lambda and Phi 1 and Phi 2, which 
mark Orion’s head. His club stretches up across tho 
Milky Way to tho foot of Gemini and tho horns of Taurus, 
whilst between Bollatrix and Aldobarnn a curving line of 
stars runs nearly duo south, marking the lion’s inane, which 
the Hunter is slinking before tho eyes of the Bull, as if it was 
the scarlet cloak of a toreador. 


LEPUS. 

The little constellation of tho Haro does not contain 
much of interest for tlio nakod-oyo observer. Its principal 
star, Alpha, sometimes known as A rnob, “ tho hare,” is very 
near tho point of an equilateral triunglo, of which Beta and 
Kappa Orion is form tho base. 
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CANIS MAJOR AND CANIS MINOR. 

A far more majestic triaugle, and more noarly oxact 
in its proportions, is that formed by Botolgouse, Sirius 
and Procyon. 

“Let Procyon join to BotolgouBO and pass a lino afar, 

To reach fclio point tvhoro Sirius glows, tho most con- 
spicuous star; 

Then will tho oyo delighted viow a Jlguro line and vast; 

Its span is equilateral, trinngulai 1 its cast.” 

The constellation of Canis Major, though in itself a 
brilliant one, lies so low for Euglish observers that 
practically we think of little but its chief star. Bub 
this is so far and away the brightest in tho sky, being 
more than two full magnitudes brighter than Aldobaran 
or Altair, average first magnitude stars, and is rondorod 



A, SirluB. B, Procyon. C, Botolgmiso. I), Bollatrlx, jfcj, Kigol. 
Pie. 2 S,— Sirius, Procyon and Orion. 


so unusually striking by the intensity of its scintillations, 
that it serves alone to amply distinguish tho constollation 
to which it belongs. Its excessive scintillation is duo 




Star Map 2fo. 11 ; The Begion of Sirius, 
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to two causes; tlie one that in those latitudes it can 
never attain any great elevation ; tho other, its striking 
bluish-' white colour. For stars of that colour scintillate 
more markedly than those of any other, and Sirius being 
the very type and model of the class, its flashing renders it 
as conspicuous as its brightness. 

“ Tho fiery SiviiiB ill Lora lino, 

And bickers into red and emerald." 

The name Sirius is usually taken as hearing its Greek 
moaning of "sparkling,” “burning,” or “scorching,” an 
appropriate onough name for tho brightest of tho stars 
and ono in conjunction with tho sun at the beginning 
of summer. Other renderings interpret it as "chief,” "or 
“ prince,” or “ the bright and shining one ” ; all equally 
natural and .appropriate for this prince of stars, Onr 
name for the Lesser Dog, Procyon, is simple enough. It 
is merely “ before the dog”; in other words, Procyon was 
the forerunner of Sirius, not as crossing tho meridian earlier, 
but as rising beforo it and so horalding its appearance. ■ 

The colours of the four brightest stars of this region are 
very well worth studying; the orango of Botolgouse being 
in strong contrast with the steel-blue of Bigol and Sirius, 
whilst Procyon, though a white star, yet shows a distinct 
■creamy or yellowish tinge, which to a sensitive oyo is on a 
fine night very clearly distinguishable from tho eoldor hue 
of the two brilliants first named. 

Tho constellation of the Lessor Dog in Ptolemy's cata- 
logue numbers only one star in addition to Procyon. This 
is Beta, Gomeisa the " dim-eyed,” possibly as meaning that 
Procyon is so much less brilliant than Sirius. Or it may 
bo that it is a corruption of A1 Gaums, tho . “ puppy.” 
A glance at the sky shows that Procyon and Gomoisa 
■stand at much the same distance apart as Onstor and 
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■Pollux, and the Arabian astronomers used to call the spat e 
between the two stars of the Twins “the long cubit,” 
whilst that between the two of the Lessor -Dog was “ the 
short cubit,” — an old instance of the tendency, whieh 
seems so irresistible, to account a space in the heavens of 
some sevon to ton degrees of arc in length as equivalent tu 
a terrestrial yard. 

Proeyon and its companion form yet another proof 
that the constellation names were not given in conse- 
quence of forms suggested by the actual groupings 'of the 
stars, Certainly there is nothing to suggest a dog in 
the presence of two fairly bright stars some live degrees 
apart. 

The Greater .Dog is a far fuller constellation. Beta 
precedes Sirius somo twenty-two minutes and is therefore 
called Murzim, the “ Announcer." Quito low down near 
our horizon is a right-angled triangle of bright stars, 
the right angle being marked by Delta. Epsilon and 
Eta at the two other points of the triangle lie some 
tliveo degrees further south and arc nearly on the same 
parallel with oaeli other; Epsilon is Adluira, the “back.” 
Delta is in tho contre of a very interesting region, a 
curious curve of small stars preceding it, whilst another 
follows. 

Between tho two Dogs and following Orion, is a large 
constellation without any conspicuous stars which was 
formed by Bartschius, tho son-in-law of Kepler, This is 
Monoceros, tho Unicorn, and it marks a rogion rich in 
double stars, star clusters, and nebulas, but without any 
attractions to tho naked-eye astronomer, unless we except 
the star S Monocerotis, which is variable within a range of 
half a magnitude, and in a period of about three and a half 
•days. 



CHAPTER VIII. 


TnE South Cibcumpoi.ak Stabs. 

Thebe is a strange, unforgettable sensation in the first' 
voyage from our high northern latitudes to tho southern 
hemisphere. Night after night tho old familiar Htiivs. 
the constant occupants of our sky at homo, sink hnvm’ 
and lowor in the north and disappear, whilst now lights 
rise to shine upon us from tho south. Hut beside the 
disappearance of old friends and tho coining into sight 
of stranger stars, the known stars that still remain lo 
us adopt most unfamiliar attitudes, and those become more 
and more perplexing the further south wo go. Iioi'flly 
Orion stands on his head in the exact attitude of a 
little city Arab, turning a cart-wheel ) tho long procession 
of the Zodiac, all in turn suffor tho same inversion ; 
Pegasus alone, a topsy-turvy constellation with us, pursues 
his course across tho sky with head upraised. Even tho 
moon seems altered from tho moon wo know in Britain ; 
the mournful face that watched us there is no longer 
recognizable as such, since wo see “his spotty globe” 
inverted. 

The new regions of the sky opened to us from southern 
latitudes not only differ in detail from those with which 
we are familiar, they possess somo general eliar tie tori sties 
that cannot fail to strike tho observer. Starting from 
Scorpio, here no longer creeping along the horizon an 
in England, but riding in the very zonith, wo find the 
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Milky Way sweeping downwards towards tho south-west 
in musses ol: tho greatest brilliancy and complication. 
Around its course is gathered tho greatest aggregation 
oC brilliant stars to lie found anywhere in the sky. The 
Scorpion is followed by tho Wolf and tiro Centaur, and 
these by the ship Argo. Between Argo and Centaurus 
comes tho little Southern Cross, a constellation which 
Inis perhaps boon extravagantly praised, hut which yet 
contains within a very small area tlireo stars above tho 
second magnitude, and six others ranging* between that 
and tho fifth. Tho Centaur claims ten stars brighter 
than tho third magnitude, the Wolf three, Argo fifteen, 
one of which, Canopus, is inferior only to Sirius. As 
tho Milky Way sweeps through Argo, it outers Canis 
Major, which, though not a largo constellation, contains 
Birins and three stars abovo tho second, magnitude and 
three more abovo tho third. Tins belt of tho sky, 
therefore, from Scorpio to Sirius, is by far the most 
brilliant in tho entire heavens, both from tho numbers 
of brilliant stars clustered within a narrow band and 
from the brightness of tho Milky Way. But beyond 
this bolt wo find an altogether different stato of things. 
Lou lid the southern pole thoro are no star groups 
to rival tho Great Bear, Cassiopeia, tho Dragon, or 
oven CephouH and the Lessor Bear, which surround 
tho northern polo. Tho now constellations, which were 
placed round tho southern polo by Dircksv. ICoysor, and 
Lacaillo, are for the most part entirely destitute of bright 
stars, or of easily romombored configurations ; these actually 
round tho polo boing especially poor in this respect. 
Oetans, the constellation in which tho southern polo is 
situated, though of considerable oxtent, oonhiins but a 
singlo star as bright as tho fourth magnitude, nearly 
all its mombors being faintor than magnitude 5J. The 
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southern pole star, Sigma Oct antis, is catalogued as of 
magnitude 5*8. 

The other chief features special to the southern heavens, 
are the presence of the two Magellanic Clouds, to 
which there is nothing to correspond in tho northern 
Bhy. Then close to the Southern Cross, wo find the 
Coal Sack, a great hole in the Milky Way, blacker and 
much more defined than any corresponding gap in its 
northern course. There is indeed a “coal sack m tho 
constellation of the Swan, but the portion of tho Galaxy 
surrounding it is far from being so bright and distinct 
as that which hems in this curious island in the groat 
celestial river of light. Lastly, tho southern heaven s 
generally seem much richer in stars just within tho 
ordinary range of vision than the northern, tho barren, 
circumpolar region being almost surrounded by a bioad 
belt, especially rich in tho regions of Eridanus and 

Argo, in which sixth magnitude stars are to be found in 
unexampled abundance. 

For Cape Town and tho ' muuos of Victoria and 
New Zealand, tho South'" u Cross is a circumpolar 

constellation, always a bo* e tho horizon, and at midnight 
on March 28th it stir.ds vertically abovo tho south polo, 
Canopus being thjn on the same lovel as the polo 
and west of it whilst Alpha Eridani, Achornar, “tho 
end of the Ever,” almost touches tho horizon in the 
south. 

These gre&t leader stars enablo tho gonoral trend 

of the southern constellations to be easily nmdo out. 
When the./ cross is seen erect, tho foot of tho Cross is 
marked by Alpha, the head by Gamma, and tho cross- 
beam by Delta and Beta, Beta boing much tho brighter 
of the two. 1 Moving from .Delta through Beta, wo come 
at no great ' distance to the first magnitude star, Beta 
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Gentauri, and Alpha (J<nil;:uti'i lies but. a little further 
on, almost on the same .straight lino. Nearly midway 
between Canopus and Alpha Orucis lies Bol;i Argos, 
a star but little below the first magnitude. Not far 
lioni Beta is the liaise Cross, four stars in a trapezium, 
not quite so bright ami a little more widely spread 
than those of the True Cross. Epsilon Argus forms 
the foot, Kappa the head, and Delta and lota the 
cross-beam. 

Argo ]h scarcely at; all an English constellation, the 
gioatoi part of its huge hulk lying below our horizon. 
1,10 VCSsM} l c ^ l ' awu bi our atlases and described by 
Aratus as travelling stern foremost. Thus in Brown's 
translation wo road; — 

“ Stern forward Argo Tty fcho O-rout Bog's tail 
Is drawn ; lor Iior's is not n usual aourso, 

Rut backward turned she coiugh, ns vusbbIs do 
Wlion sailors havo transposed the crooked storji 
On on taring harbour; nil thosliip vovorso, 

Aiul gliding hack ward on fclio boaoli it grounds, 
htorii forward thus is Jason's Argo drawn." 

The Creole legend of the voyage of the Argonauts 
under Jason to recover the Golden Fleece was Lolievoil 
by Sir .Isaac Newton to have an actual historical bums, 
and to record tho beginning of Crook commerce. In 
fact, in his view, fcho constellations gone ml I y were 
designed by tho Greeks to celebrate the heroes and deeds 
of this great expedition.. Tho knowledge which later 
times have brought us has compelled us to recognise 
that tho constellations aro far older than .Newton thought 
them, and beyond a doubt Proctor was quite correct in 
recognising in Argo and tho southern collate lUtions near 
it Contaurus, who is represented as having I apparently 
just loft tho ship, and tho Altar at wiicli lie is 
saorUicing—a pictorial record of that grer/ Dedugo of 
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which the Hebrew and tho Babylonian accounts agree ho 
strikingly. The Altar lies entirely below our Muglish 
horizon ; the Wolf, tho somewhat inappropriate animal 
whom tho Centaur is offering up, shows but two nr 
tliroo faint stars ; and Thota Centanri, the star in the 
Centaur’s head, is tho only bright member of that 
constellation visible to ns. 

Argo is so vast a constellation that for convenience of 
reference it has often been sub-divided into four minor 
groups— -Mains, the mast ; Vela, tho Hails ; I’uppiM, the 
stern ; and Carina, tho keel. 

Generally speaking, the modern constellations, and 
particularly those in the southern hemisphere, have been 
conceived in the worst possiblo taste ; the figures selected, 
are utterly inappropriate to their surroundings, and 
unsuitable as a means for identifying the stars, There is, 
however, one exception. If we take Argo as representing 
Noah’s Ark, then Boyor was unusually successful when lie 
gave the name of Columba, Noah’s Dove, to the group 
which ho formed immediately south of Lupus. For, placed 
here — tho group may bo readily found when both 
Canopus ail'd Bigel aro scon, as tho straight line joining' 
tho two passes through the constellation — the Dove appears 
to bo perching upon tho storn of Argo, Alpha Columbia, 
tho principal star, is sometimes known as Bluust, “ the 
thigh”; the thigh, that is, of tho Greater Dog, whoso 
territory lias boon invaded in order to give tlm greater 
room for Lte new group. 

Those wl» have the opportunity of observing from 
southern or equatorial countries, will iind tho brightest 
and most easily recognised of all tho now constellations 
duo to Ducks'/, Ifeysor, just south of I’iscis Australis, 
the constellation of which Fomalhaut is tho chief star. 
This is Gras, tho Crane, and five bright stars distributed 
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at equal distances along a gentle and regular curve, 
whilst a bright second magnitude star precedes them, 
form its principal characteristics. The Microscope, 
interpolated l>y Laeaillo between Sagittarius and Piscis 
Australis, and the Sculptor’s Tools, now more generally 
known as the Sculptor, which he added below Aquarius, 
and Cetus; Fornax, the Chemical Furnace, which follows 
Sculptor; Antlia, the Air-pump, wedged in below Hydra 
and above the sails of Argo; Curium, the Sculptor's 
Graving-tool, below Lepus, and alongside Oulu mbit ; a nd 
Telescopium, which follows the Altar and lies beneath (,1m 
Southern Crown, are as destitute of features of interest as 
the designs themselves are of appropriateness to their 
celestial surroundings. 

The many obscure constellations which have been 
formed in the south circumpolar region may now be 
identified. 

Between Octans, which surrounds the south pole, and 
tlio Southern Cross, we have Channeloou and Musca ; 
close to Beta Argfis is Volans, the Flying Fish ; Pit-tor 
lies by the side of Canopus; tlio Greater Magellanic 
Cloud borders on four constellations, Menna for "Table 
Mountain,” Dorado, Reticulum and Hydrus ; the 
Lesser Cloucl lies between Hydras and Toucan. Five 
constellations meet round Achornar; Fridanus, a primb 
tive constellation; Horologium and Plmmix ; and the 
two just mentioned. Hydros and Toucan. Passing over 
to the Southern ^-oss, the Milky Way between that con- 
stellation and 1 ie Scorpion sweeps over the feet of t.lm 
Centaur and si. other constellations beside,- two of them 
primitive. T e three constellations immediately below 
the Scorpion are Lupus, Norma and Am, of which only 
Nonna, placed in the middle of the Milky Way, is 
new. Circuits below Norma, and tlio Southern Triangle 
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below Aim are both new, as also is A. pus, which lion 
between them and Oetans. The Southern Triangle is a 
neat little tiguro on the edge of the Milky Way, its three 
principal stars making a diamond with Alpha Oeiit.auri. 
Alpha is the brightest star of the Triangle and the 
one furthest from the Centaur, lying midway between 
Alpha Orueis and Alpha Pavonis. The hitter , is a second 
magnitude star and tho brightest in Pave, tho I.Vnenelc, 
the most brilliant of tho new constellations, except (Inis 
and Crux, and covering a considerable portion of the /one 
of small stars to which allusion has already boon made. 
Indus, a fainter constellation, lies between Payo and Toucan, 
and completes the band of small asterisins surrounding 
Oetans. 
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CHAPTER I. 

. The Sun ani> tick Shahonh. 

It may scorn at first sight a useless ami idle suggestion 
that beginners in Astronomy should sot thomsolvos lo tin* 
rode term inatio n, on tho rou ghost scale and with tlm 
simplest of instruments, of astronomical constants which 
wore first determined more than iivo milhmia ago, and 
which are now ascertained in our modern observatories 
to an almost inconceivable degree of exactness. Yet if 
wo think for a moment wo shall see that this is but 
tho method which experience has taught us is the most 
effective in leai'i'ing the othor physical seiences. Wn 
lenow perfectly w>ll we can never make a ehomtNl. of a 
hoy by giving bin a course of chemical text-hooks. We 
set him to repeat for himself experiments which were 
first made in tie very infancy of tho science. We make 
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ltim determine uyii.il) the combining weights of different 
elements, though those aw known far mow exactly than 
ho can possibly work them. mil, ; ami. iu so doing, lio not 
only acquires skill as a worker, lml, tho snVijoets of his 
study become real to him; lie learns to know them in 
u. sense which no amount, ol: reading about them coubl ever 
supply. 

It lias boon the drawback of Astronomy that this 
course has so seldom been adopted, and the inevitable 
result has been seen in that no science whatsoever has 
produced so large a proportion of pavadoxors and cranks. 
There is no science the chief facts of which uro no widely 
disseminated ; there is none of which those facts are ho 
little known by practical personal observation. 

Much of this unfortunate state of things is duo simply 
to the modern tendency to live in towns. Hero the 
smoky atmosphere (lulls the shining of the heavenly 
bodies; the crowded buildings hide the horizon and 
curtail the view of the Hky, and at night the artificial 
lights in streets and houses completely drown tho feebler 
glitter of the stars and draw off attention from them. 
We do not need moon and stars as our ancestors did, 
and* therefore wo do not notice them. We do not 
need to observe the sun to give us the time of the 
year; our almanacs tell us that. Therefore, except in 
observatories, the sun’s place in the hoaveiis remains 
unnoted. 

But iu early times this observation was of the very 
first importance. The constellations were mapped nut 
some 5001) years ago, but before that was done — how 
long before we cannot tell — the length of blio year had 
been determined and the apparent path of the aim 
amongst the stars had been laid clojyn. The exact 
methods and instruments those early istrouomers cm- 
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ploy<ul are not recorded, nor, if they winv, would I Iu*r»* lm 
any reason for slavishly <n»{ ► y i ii};* them in repeat ing Mm 
work to-dav. Hut in all probability tlm Ural, an! roiiomicnl 
instrument wan <mo of Nature’s own providing, fin 1 nuhiral 
horizon. Ami wherever a fairly good ton* in iivni!nl>h\ ih.> 
beginner in astronomy in strongly recommended to make u-o 
of it. 

If I his worn ho Mini no doubt those primeval observers 
lm.il their attention drawn to the fad. that an noon from 
Nome given station Mm nun rose and mil. behind • I i iV<-i « n ( 
jioiiioiiH ol' the I uni’/, on at different times of I ho year. 
In an open country free from mists ami ground fogs, 
tliiH observation would lm ono of greater delimey I him 
might ha expected — -a delicacy Mm greater according lo 
tlm dintaneo of (ho horizon and lo (ho numlior ;md 

diNlinetnusH of tlm objects which could ho n gui/cd 

upon it. They would serve tlm purpose- -so to speak 
of tlm divisions of a gigantic, azimuth circle, and a few 
years’ careful and sedulous record of the exact position 
the huh at rising and Hotting would give an exceedingly 
dose determination of tlm trim length of Mm tropical 
year. 

They would do more than tliiH. They would give# tlm 
menus of dolorinining Mm mmtli point of the horizon in 
other wordn, of tlm murid iau lino. A lino drawn at rigid 
angles to tlm lino joining Mm point of rising and netting, 
would ho ronyhhf hut not precisely Mm meridian lino. Hut 
the moan of all the points tliua indicated uh duo kmmHi 
would, unless the luipizon wore much more obstructed «m 
ono side than tlm other, approximate very cloudy indeed in 
the true aonth poiiv . 

Tlm conditions or different observers will vary hm widely 
that it would la useless to give detailed directions iih to 
making thin obmj’valion, and it would he useless for another 

A 
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reason. It. is most, important that those who lake up Urn 
pursuit, of naked-eye Astronomy should make their obsor- 
Viitious imlepondenlly, and too detailed instruction liefore- 
luuid would defeat tho very ohjoot for which those obsor- 
viitious wore nuido. 

It would soon Im IV> It, that the nutiinil horizon whs h 
rough and inconvenient instrument to work with. Tho 
objects ranged along it which servo as division mark* am 
apt to ho irregular, 1,1m horizon itself to deviate very con. 
sidorably from an ideal piano. So perhaps tlui next stop 
in tho observation of the huh would he the emotion of nemo 

moans of observing tho shadow it casts in other words a 

simple sun-dial. 

ft is probable that the earliest sun-dial was simply (ho 
spear of some nomad chief, stuck upright in the ground 
before his tent. Amongst those desert wanderers, keen 
to observe their surroundings, it would not be u, dillieidl, 
thing to notice that the shadow shortened ns tho sun 
rose higher in tho sky, and. that the shortest shadow 
always pointed in the same direction — north. The recog- 
nition would have followed very soon flint this noon- 
day shadow changed, in its length from day to day. 
A six-foot spear would give a shadow at not unlay in 
latitude 40 r> of 1 2 font at one time of the year, of less 
than 2 feel, at another. Thin instrument, so simple, so 
easily carried, so easily set up, may well have begun 
the scientific study of Astronomy, for it lent itself to 
measurement, and science is nicmmronnmf j and probably 
wo see it expressed in permanent form in I, lie obelisks 
of Egyptian solar temples, though these no doubt wore 
retained merely as solar emblems ages after their use 
as actual instruments of observation had ceased, An 
upright stick, carefully plumbed, standing on some 
level surface, may therefore well mark the first advance 
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upon the natural horizon. A knob at tho top of the 
stick will be found to render the shadow more easily 
observed. 

The careful study of this instrument will enable tho 
meridian line to be marked with some considerable exact- 
ness. This should be done by taking an observation at 
some time in the morning, some hours before noon, drawing 
a circle with the base of the stick as centre, and tho 
length of the shadow as radius, and then in tho afternoon 
watching till the tip of the shadow again lengthens itself 
to exactly reach the circle. We shall find the north point 
lie midway between the two positions of the shadow. Here 
again wo must trust not one observation but many, and the 
mean will give us a very close approximation to tho true 
meridian. 

The date of the summer or of the winter solstice would 
not be very readily ascertained from such an instrument 

the very word solstice intimating that the change in tho 
sun s position at that season is scarcely perceptible, 'But 
the time of the equinoxes can be fixed with sufficient exact- 
ness, since the length of the noonday shadow of a six-foot 
rod will vary in our latitude more than an inch a day at that 
time of the year, 

A far exacter instrument for the observation of tho 
sun can be made with the very slightest trouble ; a light 
tube, 5 feet 4 inches long, made either of tin or of 
pasteboard, and covered at ono end with a cardboard 
disc, with a pinhole one-sixteenth of an incli in diamotor, 
carefully perforated iiKits centre, and at the other with 
a cap of oiled paper, will enable tho sun to bo observed 
with great ease. If this tube is directed to tho sun an 
image of the sun wil be formed by the pinhole on the 
oiled paper some six.' tenths of an inch in diameter, and 
if a cardboard disc j ome ten or twelve inches in diameter 
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is fixed to the tube— tlio tube passing through the centre of 
it — so as to screen the observer from the rays of the sun, he 
will II iicl the sun’s image on the oiled paper quite bright, 
enough to observe, and much better defined than the shadow 
given him by tho rod. 

The next step would be to lit the tube with a 
graduated oirclo. Tho material of which the circle 

should be made and the manner in which it should bo 
graduated may bo left to tho ingonuity of the student. 
Protractors of horn, metal, glass, or card can be very 
easily purchased and may well serve the purpose. The 
reading of the circle may bo accomplished in one or two 
ways ; the oirclo may bo fixed firmly to the toloscopo 
so as to turn with it, and the altitude of the tubo 

may then be read by a plumb-line dropped from 
tho centre of tho cirelo across its circumference ; or the 
circle may itself bo fixed in ono position with respect to 
tho vertical, and tho tubo may be turned round upon 
the same centre as that of tho circle, in this ease the 
tube should bo supplied with pointors to rend on tho 
cirelo. 

Tho tube boing provided with a vertical circle and con- 
structed so as to turn in a vortical plane, should also have 
its stand so arranged that it may turn in u horizontal 
plane also, and it should bo fitted with a second circle, the 

centro of which is tho pivot on which it turns. This 

circle must bo fixed in tho horizontal plane, and 
our instrument will then bo a rough model of an 
altazimuth. 

Its first use will be to determine tho meridian — by 
taking an observation in tho morning, reading both 
circles — then in tho aftornoon, waiting until the sun 
had descended to the samo altitude a second time, and 
then reading tho azimuth cirelo again. To set the 
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telescope to tlio azimuth midway between these two 
azimuths would bo to sot it roughly in Urn meridian, 
Here again tlio observations should ho repeated many 
times, and tlio mean should bo taken as tlio true smith 
point. 

Tlio south point oneo found, the observation of tho 
varying altitude of tho sun at noon from day to day 
throughout tho yoav would bo a simple and easy mailer. 
At midsummer and midwinter tho meridian altitude of 
tho sun will not vary perceptibly for a fortnight or 
moro, so that wc shall obtain a number of observations 
for tho greatest and least height of the mm. Half tho 
diltoronco botweon those two must plainly bo tho 

obliquity of tho ecliptic ; and tho altitude which is the 
mean of those two extreme altitudes must lie the 
altitude of tho equator, that is to say of the sun when it 
is at tlio equinox. The date of tho equinox will ho 

determined to tho nearest day without any dilliculty, 
for if we set our tubo in tlio meridian, and pointing to 
tho oquator — iu other words at an altitude equal to tlm 
co-latitudo of our station — a single day's variation in 

the height of tho sun at the time of the equinox will 

make a cliango in tlio position of tho sun iu tho hold of 
our pinhole tube of about four-tenths of an inch -an 
amount which tho very roughest of observers could not 
overlook. 

Such au instrument, simple as it is, would therefore 
onablo the observor to determino the date of the equinox 
to tho nearest day, and consequently tho length of tho 
tropical year, and also the obliquity of the ecliptic and 
tho co-latitudo of tlio placo of observation. The exact- 
ness with which theso could bo determined would depend 
upon tho skill and pationeo of tho observer, who could, 
ore long, if ho woro suhieiontly exact, begin to detect 
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causes of irregularity in h in results, some duo to defects 
in his instrument. and some duo to causes apart from 
tlutl. apparent motion of I, ho Him which it was his first 
object, to deleriniiio. Tim detection of these, ami tho 
discovery of their cause, will give a keen delight to 
anyone with a tnio observer* h spirit, especially whoa ho 
Ihttls t hat a proper allowance for them brings his observations 
into ever closer and closin’ accord. 



Fin, lit. — IMnholo Allas', unutli for Ohmaviition of fcho Sim, 

a, IMiiliolo UImii 11, iinii fm> (ilnlioldi c, cun with Hfli'floli for imnso 1 [», flllttudo 
olrolo i b, olumli lino s v, uzlmntli (ilvoloi fl, «, feointova for ioiulln K 
luiiimlh olrolo. 1 



CHAPTER XI. 


Mousing and Hveninu Stahh. 

It is one of the necessary penalties of tlio modern tendency 
towards city life that wo are dissociated more ami more 
from that close inter course with nature which was upon 
to our forefathers. How few of us ever cure to watch 
that great spectacle which was to them so full of wonder 
and of n wo, tho . silent, ceaseless procession of the starry 
heavens! It was not merely the sight of the thousand 
Hashing gems of tho midnight slcy that impressed them, 
or their differences of colour and lustre, or the weird 
manner in which they were distributed; there was some- 
thing more striking than all thiw, and that was their 
ceaseless movement. There was the wondor; that motion 
was so stately, so regular, so unceasing. “ Without rest, 
without haste ” they moved; no star over left its appointed 
ploco in tho celestial host, nor over strayed from its 
appointed path. It was a nightly miracle, a miracle both 
of ordor and power. Tho thoughts to which it gave rise 
lay at tho root of many an aneiont myth, and inspired 
many a poetic outburst, chief amongst which stands the 
grand 19th Psalm; Nor, though tho secret of that regular 
motion is understood to-day, is tho sight of tho movement 
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of the vast cosmieal machino loss impressive even now to 
any mind that can vise to some slight realisation of its 
true meaning. 

But the observers of those early ages had othor thoughts 
besides those of awe and wonder as they contemplated the 
nightly march of the heavenly host ; there came a 
time when they had familiarised themselves with tho 
different stellar groupings, and thoy saw that different 
constellations ruled the night watches at different seasons 
of tho year. 

After a long night watch in which tho stately march of 
tho heavenly host has boon followed hour after hour, bo mo 
stars moving round tho polo in narrow circles, others 
passing out of view in tho west, whilst now ones from tho 
under-world are ever mounting upward in tho east, there 
comes a time when a change begins to be porooptiblo in 
the lattor quarter. Little by little the eastern sky begins 
to brighten and tho stars to pale, and now perchance it 
may bo that a star more magnificent than any that has 
shone tho long night through, comes upward, queen of 
tho night, as the night is coming to an end. As it rises 
higher, so tho glow in the oast becomes brighter, and tho 
fainter stars dio out, until at longth all have disappeared 
in tho increasing daylight and tho sun .itself arises, tho 
bright herald which preceded it being tho only one of all 
tho starry company that remains visible till tho sun’s 
appearance. 

The piano I. Venus is the only object that in this oom- 
plotost manner can act as tho foronmnor of tho sun, and 
it rightly, at such seasons, has a, special claim to the title 
of tho “ Morning Star.” But it is only now and then that 
Venus is so placed as thus to act as tho solar horahh At 
othor times tho r'de, has to bo filled by stars of a meaner 
rank. But it is well worth noting what stars are the last 



MOKNINCr AND EVENING- ST AH 9* 


137 


work. Tko best stars are those which are not situated at 
any Tory great distance from the equator, either north 
or south, but which lie between the tropics of Cancer and 
Capricorn, ltigol, Sirius, Procyon, Arcturus, Alpha Ser- 
pentia, Alpha Ophiuchi aro fairly well placed for obsorva- 
tion in England, both at rising and sotting, but as a 
general rule wc may take it that tho time of tho spring 
equinox is the best for observing heliacal settings, and 
that of tho autumnal for observing” heliacal risings. The 
reason of this will be soon at onoe from the accompanying 
diagrams, which represent the effect of the sun’s motion 
in doclination; at both rising and setting, at tlio spring 
equinox ; at the autumnal equinox the conditions are, of 
course, oxaotly reversed. 



3?I0, 23.— Positions of tho Sun below tho Hast horizon, no nr tho 
Spring Equinox, nfc fclio rising of A Plschun, 

If the sun moved always in tho equator, then a star, 
which rose on one day at precisely the same time as tho 
sun, would rise about 4 minutes earlier than tho sun on 
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tho next, and so on clay by clay. But at tlio time of fcho 
spring equinox, the sun is moving northwards at tlio rate 
of about 24 minutes of declination every day. Conse- 
quently the sun rises about two minutes earlier every clay, 
and the stars which rise nt dawn only gain tlioroforo upon 
the sun 4 m, — 2 m. ; that is to say, two minutes. If tho 


Ero. 2G, — Positions of tho Sun bolow tlio Woet horizon, near 
tho Spring Equinox, at tho sotting of t Piscium. 

star is north of tho equator, the sun is also coming nearer 
to it day by day, and honce that region of tho sky becomes 
brighter and brighter at dawn. The rosult is that tbero 
may readily be a good deal of uncertainty about tho 
determination of the clay of tho heliacal rising of such a 
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tuid m tli n,t marvellous climate the star may often be soon 
now to rise sheer from the waters of the Rod Sea. Undor 
such circumstances the return of the year could bo fixed 
■with all desired exactness by the rising of Sirius, oven 
when it was on the vernal colure. 

There is a great interest for those who care to try to 
outer into the thoughts and conditions of the past in 
repeating for oneself the very observations which worn so 
all-important thousands of years ago. And thoro is a real 
value in repeating them to-day. If three or four observers 
wgiq independently to observe the heliacal risings and 
settings of some two dozen zodiacal stars for three or four 
years, we should gain a great deal of needed information 
as to the actual amount of precision of which the method 
is capable, and some needed light would be thrown upon 
its practical efficiency. But more than this, the work would 
prove very effective in teaching the observer to pick up 
quickly minute points of light in a bright sky. This 
training would he found afterwards of great valuo iu more 
ambitious fields of astronomy. The variable star observer 
would find it of use in enabling him to discount the effect 
of bright moonlight on his observations; the double star 
observer would find his eye quickened to detect a faint 
companion in the glare which a bright star gives in the 
field of a great refractor. 

But more than this, the work affords a chance— a rare 
one it must be admitted, but a chance not to bo despised 
—of making a discovery of a most interesting kind. 
Occasionally comets passing through our system so approach 
us as not to be seen until they are close to the sun, 
and these are usually comets of exceptional interest, both 
from the character of their orbits and from their physical 
behaviour. . Such objects the persistent observer of heliacal 
risings and settings is— from the naturo of his work, 
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and from the special acuteness in detecting objects iu 
the twilight sky which it will have given to him — the 
most likoly to ho the first to discover. The great comet 
of the autumn of 1882, for instance, was first seen at 
sundown, the great southern comet of 1901. was detected 
just before sunrise ; in both cases only a very short, time 
before tho comet passed into conjunction with the sun, 
and was temporarily lost to view. In both cases a regular 
u heliacal ” observer would have stood a good chance of 
being two or threo days ahead of anyone else iu the dis- 
covery, to the gain of his own reputation and of; astro- 
nomical scieuco. 

Tho three stars mentioned earlier, Sirius, Proeyon and 
Rigel, may he observed to rise during the latter half, of 
August; their settings fall in April and May. They are 
thus emphatically wintor stars, lligol coming to opposition 
on .December 11th, Birins on December 31st, and Proeyon 
on January 12th. In tho case of these stars, the opposition 
falls nearly midway . between tho date of rising and that of 
sotting. Not ho with stars near tho equinoctial eolures. 
Thus Spica risos at tho end, of October, comes to opposition 
on April 12 th, and sots in the middle of August. Hail mil, 
on tho other hand, rises near tho end of May, comes to 
opposition on October 2(5th, and sots in tho middle of April. 
Tho Ploiados, too, which Hesiod reports as being inviHible 
for forty days, are now invisible hero in England for 
over sixty, from the end of April to the beginning of July, 
but tho date of conjunction docs not fall in tlm middle of 
this period but on May 19th. 

A vory interesting side question would probably arise 
in tho course of the systematic observation of holiaeal 
phenomena, and that is tho influence of colour on the 
visibility of stars of a given brightness in a bright sky. 
Orion and the neighbourhood are particularly rich in stars 
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suitable for sucli a comparison. Tlio orange tint of 
Betelgeux, the golden colour of Aldebaran, tho slight 
suspicion of green about Bellatrix, the steel-bluo of 
Alnath and of the giant Sirius, the white of Procyon, and 
the contrast which is so obvious betweon tho tints of 
Castor and Pollux, afford ample materials for a very 
delicate and interesting research, and oue which it still 
remains to make. 


Stars tor Hkliaoait Observation. 


At Setting. 


At Rising. 


PobTUHL'y — e Pegasi, J Enif, 

Maton — a Pegasi, Mavkab. 
y Pegasi, g|jfimi!>. 
a Plsoluui, Okda, 

April — c. Arietta, Hamal. 
ft Oriouis, Nigel. 

. 57 Tnuri, Alcyone. 

Mny — a Cauls Majbris, Sirius, 
a Tauri, Aldetiorau, 
a. Ccuds Minority Procyon, 


August—/} Orlonta, Jiiyol, 

a Uaiiis Miuorta, Prceyoit. 
a Cauls Majorta, Sirius, 
a (Jnnori. 

September— o Leotita, JJcyiilus. 

ft Loon is, l)i»H>bol<i, 
Octobor — a llootta. Arofurtis. 
a Virginia, Sjiitui. 
Novombor— a Sorpontls, l/imli. 

a Opbiuchi, Rusal Itnyutt, 









CHAPTER III. 

The March op the Peanuts. 

The nightly procession of the stars across tho sky was not 
the ouly celestial movoimmt which impressed the observers 
of old. Tho coining and going of the planets, held an 
even stronger attraction for thorn, and tho mystery of 
their wanderings, which scorned at first sight to ho ho 
lawless, was tho subject of much deop speculation. But 
this field of work has boon so completely occupied in 
modern times by the transit circle and allied instruments 
that it is now hopeless for tho “ Astronomer without a 
Telescope ” to dream of obtaining rosults of any real value, 
Tho only thing that ho can do is to imitate his fore- 
runners and to familiarise himself with the apparent 
motions of tho planets as they present themselves to tho 
naked eye. 

In this work ho will find that tho five platiotn within tho 
roach of his unaidod sight divide thomsolvoH into three 
groups, Tho first group includes Mercury und Venus, 
which moving in orbits interior to that of the earth, can 
uovor come into opposition to tho sun, but oscillate back- 
wards and forwards on either side of him. Both of 
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thorn arc therefore most easily observed when (hoy are at. 
their elongations. Of tho two, Mercury, being much (lie 
loss bright, since lie is smaller, and has a less roll active 
surface than Venus, is by far the more dilUeult object, a 
difliculty increased by the fact that his elongation cannot 
under the moat favourable conditions amount to ‘28°, whilst 
tho greatest elongation for Vonus is nearly 48°. For 
reasons corresponding to those which wore considered in 
tho preceding chapter as rogulating (ho most favourable 
conditions for observing heliacal risings and settings of 
stars, tho most favourable position for Mercury to be seen 
as an ovoning star is when his eastern elongation occurs 
near the spring equinox j his most favourable position for 
observation as a morning star is when his western elongation 
occurs near tho autumnal equinox. 

Comparatively few dwellers in lOngland have soon Mercury 
with the naked oye, unless they have persistently seu-re lied 
for him, and hence tho idea has arisen that there was 
something very remarkable about the knowledge which the 
ancionts had of this planet. But as Colonel Marie wide 
remarked in a paper in Knowi,eikik (July, 18bf>, p. 1&2)-— 
“To anyone who has scon that planet in the latitude 
of Greece, it would seem a most remarkable thing if the 
planofc had not been soon and noted as such.” This 
proceeds partly from tho climates of Chaldea, Egypt and 
Greece being far bettor than that which wo possess hero 
in England. But in addition to this tho greater nearness 
to tho equator of these countries involves that the daily 
patli of tho sun and planets is moro nearly perpendicular 
to tho horizon, and tho twilight much shorter (ban with 
us, giving an immenso advantage over us for observing 
this planot. The accompanying littlo diagram, reproduced, 
by Colonel Mnrkwiok’s permission, from the paper just 
cited, shows the positions of the oqmitor and of the 
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meantiniQ. Tho interval from went elongation to east 
elongation, Mercury passing behind the sun, is a little 
over ton weeks, tlio moan periods being 43^ days and 
72-t days respectively. The mean interval therefore from 
ono elongation to the samo elongation again is .1.1(5 days. 
Since therefore Herein^ goos through the complete cycle 
of his positions with regard to the sun in a little, under 
four months, there must be at least ono favourable con- 
figuration in every your. In general there will bo two or 
three. The attentive watcher therefore should have no 
difliculty in catching sight of tho elusive little planet at 
ono elongation at least in each year. 

The motions. of Venus are similar in character to those 
of Mercury, but are performed more slowly, and the arc 
through which she swings is a wider ono. The mean 
period from oast elongation as an ovoning star to west 
elongation as a morning star is 143 days, whilst it is 
441 days from west olongation round to oust; the entire 
synodic period therefore being 584 days. There is of course 
no difliculty at all in recognizing Venus when she is near 
her elongations, for she is then tho most brilliant slur 
in tho sky, but some interest attaches to lior changes of 
brightness, These ehangos depend upon two circum- 
stances : tho ono, tho distance which she is from the earth, 
ancl consequently tho apparent si/.o of her disc; the other, 
upon the amount of that disc which is lighted up by the 
auu, in other words upon her pliaso angle. The disc is 
greatest when Venus is between tho earth and the sun, but 
at such a time the face »ho turns to us is necessarily in 
darkness. On tho other hand, when she is in superior 
conjunction, that is to say on the further side of the sun, 
her disc is entirely illuminated, but it is then at its 
smallest size. In both cases she is invisible since she is 
in full sunlight. 
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At elongation her disc is much larger than at superior 
conjunction, so much larger indeed that though it then 
appears like a “ half-moon,” it gives us tliveo times tho 
light which it would do could we observe it when it was 
full. But as she passes from east elongation towards 
inferior conjunction, the increase in apparent size com- 
pensates, and more than compensates, for the decrease in 
phase, until half-way between the two positions her light 
is four times that at superior conjunction. From this point 
the effect of phase is greater than that of increase ol‘ size. 
Tho time of greatest brilliancy therefore is some 30 days 
before inferior conjunction®^!, again 8G days after. Then 
a period of 512 days wilPo'nsuo before Venus returns a 
second time to her greatest brilliancy as an evening star. 
And as five times 584 days— the synodic period of Venus — 
is almost exactly eight terrestrial years, it follows that at 
intervals of eight years tho times of greatest brilliancy recur 
on almost tho same dates. 

At her greatest brightness, Venus is so brilliant that 
there is no real difficulty in seeing her with the naked eye 
in full sunshine, or indeed at high noon. The hindrance is 
not the want of brightness of the planet, but the difficulty 
in picking up so minute a point of light as she appears to 
be, unless some means is provided for guiding tho eye to 
the precise spot. When so found the first impression is — 
“ How could I possibly have overlooked so bright an 
object?” The next impression, if the eye be turned from 
the planet but for a moment, is — “ What a hopeless task it 
is to try and find it again 1 ” 

Tho statement has sometimes been made that tho phase 
of Venus may be soon under exceptional conditions with 
tho naked eye. Frankly I think this observation lies out- 
side tho limit of possibility ; for Venus at her greatest 
brilliance is ouly about 40 socends of arc in diameter. How 
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40 seconds is practically the limit for distinct defined vision, 
and it is very improbable that the precise shape of Venus 
could he detected under such circumstances. It would, 
however, be interesting to know if any one could detect that 
the planet was not round. It is just possible that an im- 
pression of elongation might bo given, though this would 
show exceptionally keen sight. 

The second group of the planets includes Saturn and 
Jupiter, which both move in orbits far outside that ol 
the earth. From tlio point of view of tlio^ naked-eye 
astronomer, neither is of vory great interest. Their move- 
ments do not greatly differ from those of the stars, amongst 
which they move but slowly. . Like the stars they will 
have their heliacal risings, being seen as morning stars 
in fclie east just before sunrise. Rising oarlier and earlier 
the time conies when they are visible for the entire night. 
But before they avo in opposition to the sun, that is to 
say, are on the meridian at midnight, there is a striking 
change in their apparent motion amongst the stars. For 
the greater part of the year, Saturn is moving eastwards 
amongst the stars at an average rate of a degree in about 
eight days. Jupiter traverses the same distance in about 
half that time ; but gradually as the time of opposition 
draws on, the speed of both planets diminishes, until 
Saturn eomos to a stop about 70 days before opposition, 
and Jupiter about 60. Then for 143 days Saturn moves 
westward, and Jupiter for 122, both planets becoming 
stationary again at the end of tlio period, and Hum resuming 
once more their eastward march. This period of westerly 
movement or retrogression marks the time when the 
planet is nearest to the earth and therefore brightest, 
and it is at the middle of this poriod that the planet, 
is in opposition, that is to say, is on tlio meridian at 
midnight. 
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another, and that, further, as tho satellite would have re- 
appeared on the opposite side of Jupiter from that on wliieh 
it disappeared, the lmiitor would have scarcely described the 
incident as he did. 

An opera-glass of course easily shows the sni ollites of 
Jupiter, and one optically perfect should sullieo to elongate 
Saturn when the ring is fully upon or to show the phase of 
Vones at greatest brilliancy. 

The movements of Mars are sufUoiontly dilTorent from 
those of tho other four planets for him to ho considered by 
hhnself; tho chief features in his case being tho length of 
time in which he remains out of sight on the far side of the 



Fia, 28.— The Eiisfc Horizon at 2 n.m. on tho morning of 1881, 
iTuuo 22, 

sun, and the very great difference between his apparent 
size when nearest to the earth and when farthest from it. 
Tho synodic periods of Mercury and Venus stated above 
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missing mpmbor, and this conjunction was mndo the moic 
impressive by the presence in the midst of the group of the 
waning moon. This beautiful spectacle was witnessed in 
the early morning of June 22, 1881. 




CHAPTER IV. 

Sunspots and Moonspots. 

Tniiitii are only two ol: tho heavenly bodies which present 
a dine to our ordinary sight, and tho surfaces of which 
therefore we etui study without a telescope. Those are the 
sun and moon. It is, of course, absolutely impossible that 
observations thus made can in any way compete with those 
made even with a hand-teleseopo; but from tho point of view 
of astronomical drill, as distinguished from actual research, 
there is something to he said for systematic work 
upon both of them, Jupiter as seen with a magnifying 
power of 50, Mars at a mean opposition with one of 1.00, 
Saturn with a similar magnification, present about tho 
same apparent disc as the sun and moon do to tho naked 
oyo. There is therefore a real interest in Booing how 
much detail the eye can actually detect upon those two 
bodies. Tho limit of magnification possible for tho 
olliciont study of tho surfaces of tho planets is soon 
reached, and when an astronomical artist lias done his 
very host with Jupiter, Mars, Saturn, or Vonus, it would 
he an invaluable chock upon his work if ho would draw 
tho sun or moon with a little instrument, and such small 
magnification as would give to its disc tho same apparent 
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!H‘t' | lit jilld -iH j- (liiV'i it'.'ijirrl jvi'l V I flloiio of ,||i|ij|i>r mid 
Sat urn a i<* -M and ill duyn loiij't'r tliun nit ojifiri* v«'ii r, Iml. 
I In* ay m»*l i»- |hm i.*.| of Marti in nO davit morn Mian two yran;. 

I *mi off I In* {'motor part of this timt* iu> in moving onatwnrd 
;unoiij*ul lln* atnr.a iif a poor iif only n. lit I lo hvi't limn a drjpvr 
a liiiy. As In 1 Hpprniirlma oppiiitilion liitt |i;n'i> sliirlii'nsi down 
until, lifn ,1 upiim and Saturn, Im lii‘roinoa otaMoniiry and 
t lion rivodi';! lor a linn* weat.wurd, TIiim prriod of rrononion 
l»'’j*iun al'out ni\ work.-, lirlon* opposition mid Inula iilmul «t\ 
wrrka ai tor. 

Tito ohii'l iulorral ol Main, an a. mibjorl of tdimnwnlion 
willnml Mn* f •’li , iii’o|it>, in tlm opportunity wliinh In* i,;ivna, 
onjM’t’iall v win'll In* in in Mm nuu’i' dialant parht of hia orltif, 
and (Imioloro mint ivrlv foililor, lo nompnm him iia lo Ilia 
l.ni'hNmna with tin* nlara imnr to wliinh 1m pitoors. Thia in a 
work wliii’h lu'oda doinu, and whmh iinymm nmld nmli'rlnko, 
vi't if linn Invu nlnimd rnlirrlv ni*|.{li'ol* , d, 

Tluvo ollmf | >1 a in * I a am plat within Mm limits of viaihilily 
undor In vionnlilo limnniatnnii'H, Mrnmio, < %*r«*it ami Vuolo. 
To Mmao wi< in tv now | oiHoilil y mid it Imiilli, Kroa. Uni' 
wliih* Mm Mnvi* iihoyo nmnt inimd iiiii'ht h" at imv oppmii- 
lion, Mron, if ovi'i* I'lii'ld i'UoukIi, will only I"' no at nim 
opposition in tliirlyomvi'ii yoat'a. 

ttim IViiluio of lln- inaivli of Mn* pianola will nlivayn 
attnu't at tout i*m and j'ivn plousnm to tlm obnorvor, own 
lloup'li no ju'.n'Unl waiill lm drawn from it ; flint in Mm way 
in wliiidi from linn* to Mum lavo or moro of Mmm will voiim 
into flono | Hi * v i in i ty to i*at a li ntlmr, or it may ho to imnm 
luijfld llxi'd at or or to tlm moon, Thun mi Hnplumhnr lo, 

I I mi!, alt fin' llvo uliii’f pianola worn in nmjiinol.mn fo^oMmr 
in llm 1‘oiiHtnllaliou Vir^o lo llm mat of Spina, Itt tiiuclt 
morn roriMif liini’M, four of llm livo uliiof pianola ranm 
loip'llmr in llm t-oiminlliLlioit ArioM, jMonmry lining tlm only 
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J usi, as it. lias been asserted that tho crescent of Ye mis has 
been seen with the naked eye, so it is also assorted, but. on 
somewhat, better authority, that tho satellites of Jupiter 
have been seen at their elongations from their primary, 
ami though of course it is utterly beyond tho unaided 
sight to perceive the ring of Sat, urn, the claim ban been 
made that Saturn has been observed as an elongated, not 
us a circular point of light. By a curious coincidence it 
happens that tho diameter of Jupiter at; opposition, the 
major axis of Saturn’s ring, and the diameter of Venus 
at greatest brilliancy, are all very nearly equal, and all 
are very near the limit of defined vision. It; follows there-, 
fore that; tho Saturn observation is as difficult as that of 
Venus, but the satellites of Jupiter am not quite ho hope- 
less. The first; and second are always too close to their 
primary to be seen apart from it, and they are probably too 
faint; as well. But the third would be very readily visible 
if it wore a solitary star, and at its greatest elongation 
from the planet, it is distant, from it fij minutes of arc, 
one* sixth of the apparent, diameter of tho moon, Many 
people can separate ej and s 2 Lynn which are considerably 
nearer to each other. The fourth satellite attains a distance 
at gimtost elongation of nearly ten minutes of are, it 
distance amply suilieiont to separate it from Jupiter, hut. 
is by no means so bright an object as the third. The 
story of Wrangel, the celebrated 'Russian traveller, quoted 
by Mr. G, l‘\ Chambers from Arngo, that when in Siberia 
he once mot a hunter who said, pointing to Jupiter, “ I 
have just seen that largo star swallow a small one and 
vomit it shortly afterwards,” is a beautiful specimen of the 
traveller’s tale. Wrangel explains the hun tor's remark as 
referring to an immersion and subsequent emersion of the 
third satellite. It escaped Amgo’s notice that it takes I he 
third satellite over a week to pass from ono elongation to 

nr 
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tropics of Cancel’ and Capricorn, wliieli mark roughly the 
limits between which the paths of tlio two planets are 
confined, as seen at sunset in the latitudes of ft 2° .N. and 
36° N. respectively. 




Fto. 27.— Positions of fcho Equator and Tropics, relative to the West lumzim, 
for Latifcudoa G2° niul 90° N. 


Tho interval botweon an oast elongation of Mercury ami 
tho following west elongation is a little over nix woclcs, 
Moreury passing botweon tho sun and tho earth in tho 
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star under these conditions. For tho setting, tho condi- 
tions are reversed. If tho sun wore always in tho equator, 
a star which sot with tho sun one day would set 4 minutes 
before it the next, and so on day by day. But since tho 
sun is moving northward at the spring oquinox, it sets 
about two minutes lator each day, and tho star therefore 
would set boforo tho sun 4 m. + 2 m., or six minutes the 
next night, and so on night after night. If tho star was 
south of the equator, the sun would bo moving away from 
it in declination, and under those circumstances wo should 
get tho sharpest determination of tho date of heliacal 
sotting. So tho autumnal equinox gives tho host, oppor- 
tunity for determining heliacal risings, specially for stars 
north of the equator, and tho worst time for observing 
heliacal settings, especially for stars south of tho 
equator. 

It follows from thoso considerations that tho Pleiades, 
in spite of the frequent reference to their heliacal rising in 
classical poetry, were not woll plaeod for this observation, 
for during tho 5000 years that astronomy has been iu 
active operation as a science, they wore never ho far from 
the vornal equinox as at present. It must, however, bo 
borne in mind that the nearer to tho equator tho placo 
of observation, the moro exactly could tho observation of 
holiacal rising bo made. For tho nearor the equator is 
approached, the moro nearly are the apparont paths of tho 
sun and stars perpendicular to the horizon . They, there- 
fore, seem to rise in the slcy much moro sharply, and dawn 
and twilight last for a much shorter space of time. A 
similar remark applies in its dogroo to Sirius, whioh, 5000 
years ago, would have boon by no moans a very good star 
to obsorvo at heliacal rising hero in England. But tho 
land whore Sirius was made much of for this purpose was 
Egypt, tho most southern of all the ancient civilisations, 
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to rise before tho dawn drowns them with its growing 
light, The next morning it will bo found that those same 
stars am visible just a little longer, and the next .morning 
longer still, and so on, until some other star shows itself 
as tho ono to climb from the eastern horizon just before 
the opening daylight Iks coiues strong enough to overcome 
its shining. 

Such stars arc each in their turn “ morning stars,” and 
tlieir first appearance in the faint dawn-glow of the east 
bofovo sunrise is the “ heliacal rising ” which was made 
much of by ancient astronomers and poets. Not, without 
reason, for it is an observation of very considerable exact- 
ness, and ono which requires absolutely no instrument ; not 
oven tho simple one of an obelisk or an upright; spear, still 
less of the solid masonry of a “solstitial” or " equinoctial 
tomplo,” or tho huge trilithons of a Stonehenge. And it 
fixes the return of the sun to the same part of the heavens 
at the end of a year quite as exactly as those more 
cumbrous contrivances could do, if indeed they were ever 
used for such a purpose. 

Corresponding to tho “morning stars ”u.re the "evening 
stars,” tho stars which are seen in the western twilight 
just before they sot; the gathering darkness permitting 
them to be just glimpsed for a minute or two before they 
follow the departed sun down to the under-world. This 
constitutes their “heliacal setting,” and its observation 
supplements that of the “ heliacal rising. ” 

All stars arc not by any means equally suitable for 
observation of their heliacal risings and settings. It is 
of course clear to begin with that the circumpolar stars, 
tho stars which never set, are quite useless in such a 
connection. Nor are tho stars in the extreme south, which 
only rises at tho best a few degrees above the horizon, and 
only remain visible a very few hours, well suited for the 
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work. The best stars aro those which are not situated at 
any very groat distance from the equator, either north 
or south, but which lie between the tropics of Cancer and 
Capricorn. Itigol, Sirius, Procyon, Areturus, Alpha Ser- 
peutis, Alpha Ophiuclii aro fairly well placed for observa- 
tion in England, both at rising and setting, but as a 
general rule we may take it that the time of the spring 
equinox is the best for observing heliacal settings, and 
that of tho autumnal for observing heliacal risings. The 
reason of this will be soon at once from tho accompanying 
diagrams, which represent tho effect of the sun’s motion 
in declination at both rising and setting, at the spring 
equinox ; at the autumnal equinox the conditions are, of 
course, exactly reversed. 



ElO, 26 ,— Positions of fcho Sun bolow tho East horizon, near tin 
Spring Equinox, at tho rising of \ Pisolum. 

If the sun moved always in the equator, then a st 
Ijwhioh rose on ono day at precisely the same time as \ 
sun, would vise about 4 minutes earlier than the sun 
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tho next, and ho on day by day. But at tlio time of the 
spring equinox, tlio huh in moving northwards at tho rate 
of about 24 minutes of declination every day. Conse- 
quently the sun rises about two minutes earlier ovory day, 
and the stars which rise at dawn only gain therefore upon 
the sun 4 in. - 2 in. ; that is to say, two minutes. If the 



Fid. 20. — FcmiUonfi of the Sun bolmv tho Wont horizon, near 
tho Spring ICquinox, at tho Hotting of t l’iseium. 


star is north of the equator, tho sun is also coming nearer 
to it day by day, and hence that region of the sky becomes 
brighter and brighter at dawn. Tho result is that there 
may readily be u good doal of uncertainty about the 
determination of tho day of the heliacal rising of such a 
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star under theso conditions. For tlio sotting, the condi- 
tions are ro verso cl. If the sun wore always in the equator, 
a star which sot with tho sun one day would set 4< minutes 
before it the noxt, and so on day by day. But since tho 
sun is moving northward at tlio spring equinox, it sets 
about two minutes later oach clay, and tho star thorofore 
would set boforo the sun 4 in. + 2 m., or six minutes the 
next night, and so on night aftor night. If the star was 
south of tlio equator, the sun would bo moving away from 
it in declination, and under thoso circumstances wo should 
got the sharpest detevmi nation of the date of heliacal 
sotting. So tho autumnal equinox gives the best oppor- 
tunity for deter mining heliacal risings, specially for stars 
north of the equator, and the worst time for observing 
heliacal settings, especially for stars south of the 
equator. 

It follows from these considerations that tho Pleiades, 
in spito of tho frequent reform) co to thoir heliacal rising in 
classical poetry, were not woll placed for this observation, 
for during tho 5000 years that astronomy has beou in 
active operation as a science, thoy wore never so far from 
the vernal equinox as at present. It must, however, be 
borne in mind that tho nearer to tho equator tho place 
of observation, tho more oxactly could the observation of 
holiacai rising bo made. For the nearer the equator is 
approached, the more nearly are the apparent paths of the 
sun and stars perpendicular to tho horizon. They, bhoro- 
foro, seem to rise in the sky much moro sharply, and dawn 
and twilight last for a much shorter spaeo of timo, A 
similar romarlc applies in its degree to Sirius, which, 5000 
years ago, would have been by no moans a very good star 
to obsorvo at heliacal rising hero in England. But tlio 
land wlioro Sirius was made much of for this purpose was , 
Egypt, the most southern of all tho ancient civilisations, 
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tiiid 111 that marvellous (‘lunate tho star may often lie seen 
now to riso shew from tho waters of tho Hod Son. Under 
such circumstances the return of tho year could bo fixed 
with all desired exact ness by tho rising of Sirius, even 
when it was on tho vernal coluro, 

There is a great interest for those who care to try to 
enter into the thoughts and conditions of tho past in 
repeating for onosolf the very observations which wore ho 
all-important thousands of yenrs ago. And tlioro is a real 
valuo in repeating thorn to-day. If throe or four observers 
wore independently to olmervo tho heliacal risings and 
sottiiigs of some two dozen zodiacal stars for three or four 
years, we should gain a groat deal of needed information 
as to tho actual amount of precision of which the method 
is capable, and some needed light would be thrown upon 
its practical oflicioncy. Tint more than this, the work would 
prove very effective in teaching tho observer to pick* up 
quickly minute points of light in a brig] it sky. This 
training would he found afterwards of groat value in more 
ambitious fields of astronomy. Tho variable star observer 
would find it of use in onabling him to discount the effect 
of bright moonlight on his observations; tho double star 
observer would find bis oyo quickened to detect a faint 
companion in tho glare which a bright star gives in the 
field of a great refractor. 

Hut more than tins, tho work affords a olianeo — a rare 
one it must bo admitted, but a chance not to he despised 

of making a discovery of a most interesting kind. 
Occasionally comets passing through our system so approach 
us as not to he seen until they are dose to the sun, 
and those are usually comets of exceptional interest, both 
from the character of their orbits and from their physical 
behaviour. . Such objects the persistent observer of heliacal 
risings and settings is — from the nature of his work, 
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and from tlio special acuteness in detecting objects in 
the twilight sky which it will have given to him — the 
most likely to bo the first to discover. The great comet 
of the autumn of 1882, for instance, was first seen at 
sundown, the great southern comet of 1901 was detected 
just before sunrise ; in both eases only a very short time 
before the comet passed into conjunction with the sun, 
and was temporarily lost to view. In both cases a regular 
° heliacal ” obsorvor would have stood a good ehaneo of 
being two or three days ahead of anyone else in the dis- 
covery, to the gain of his own reputation and of astro- 
nomical science. 

The three stars mentioned earlier, Sirius, Proeyon and 
Higel, may be observed to rise during the latter half, of 
August; their settings fall in April and May. Tlioy are 
thus emphatically winter stars, Kigol coining to opposition 
on December 11th, Sirius on .December 31st, and Proeyon 
on January 12tli. In tho easo of these stars, the opposition 
falls nearly midway between the date of rising and that of 
sotting. Not so with stars near the equinoctial colures. 
Thus Spica rises at tho end of October, comos to opposition 
on April 12th, and sots in the middlo of August. Hanml, 
on the othor hand, rises near tho end of May, comes to 
opposition on October 20th, and sets in tlio middle of April, 
The Pleiades, too, which Hesiod roports as being invisible 
for forty days, aro now invisible hero in England for 
over sixty, from the end of April to tho beginning of July, 
but tlio date of conjunction does not fall in tho middle of 
this poriod but on May 19th. 

A very interesting side question would probably arise 
in tho course of tho systematic observation of heliacal 
phenomena, and that is the infiuonco of colour on the 
visibility of stars of a given brightness in a bright sky, 
Orion and tlio neighbourhood are particularly rich in stars 
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suitable for sucli a comparison. The orange tint of 
Betolgenx, the golclon colour of Aldobaran, tho .slight 
suspicion of green about Bollatrix, tho steel-blue of 
Ain nth and of tho giant Sirius, the white of Procyon, and 
tho contrast which is so obviouB between tho tints of 
Castor and Pollux, afford ample materials for a vory 
delicate and interesting research, and one which it still 
romains to nialto. 


Stars for IIkt.iaoal Oubruvatfon. 


At Setting. 


I’dirimry-e PoBtisl, 

Mnroli — a Pogftfil, Marfcab. 
y Fci'afil, Jill unit, 
a PlHolmn, (mia, 

April— a Ariotis, Jfamal. 
ft Orion Is, iiijcf, 

.) Tfturl, jicjjoHC. 

May— a Cauls Majm-ls, Sirius, 
a Vaurl, vliciciiamu. 
a. CftiiiB Minorln, l’l'oeyou. 


At liisiNU. 

Awuiwi—fi Orlmiis, Jiiycl. 

a Cauls Minuris, Procyou. 
a ('unis Mnjoris, Sirius. 
n. Unnort. 

September— a I, emits, Zicjjnlus. 

ft Tjimuls, Octtulioiu. 

Ootobor— a Jlootls, Arclm-iis. 
a Virginia, Spina. 

Novombor— a Scirpuntts, i/mifc. 

a Opbluobi, lias al Jfaijini, 



CHAPTER III. 

The March of the Planets. 

The nightly procession of tho stars across the shy "was not 
the only colostial movomont which impressed tho observers 
of old. The coming and going of tho planets hold an 
ovon stronger attraction for them, and tho mystery of 
their wanderings, which scorned at first sight to bo so 
lawless, was the subject of much deep speculation. But 
this fiold of work has boon so completely occupied in 
modern times by tho transit circle and allied instruments 
that it is now hopeless for the “ Astronomer without a 
Telescope ” to dream of obtaining results of any real value. 
The only thing that ho can do is to iniitato his fore- 
runners and to familiariso himself with tho apparent 
motions of the planets as they present thorns elves to the 
naked eye. 

In this work ho will find that tho five planets within the 
roach of his unaided sight divide thotnselves into three 
groups. Tho first group includes Mercury and Venus, 
which moviug in orbits interior to that of tho earth, can 
never come into opposition to tho sun, hub oscillato back- 
wards and forwards on either side of him. Both of 
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tliem are therefore most easily observed when they are at 
their elongations. Of the two, Mercury, being much the 
less bright, since he is smaller, and has a less reflective 
surface than Venus, is by far the more difficult object, a 
difficulty increased by the fact that his elongation cannot 
under the most favourable conditions amount to 28°, whilst 
the greatest elongation for Venus is nearly 48°. For 
reasons corresponding to those which were considered in 
the preceding chapter as regulating tho most favourable 
conditions for observing heliacal risings and settings of 
stars, tho most favourable position for Mercury to be seen 
as an evening star is when his eastern elongation occurs 
near the spring equinox; his most favourable position for 
observation as a morning star is when his western elongation 
occurs near the autumnal equinox. 

Comparatively few dwellers in England havo soen Morcury 
with the naked eye, unless they have persistently searched 
for him, and hence the idea 1ms arisen that there was 
something very remarkable about tho knowledge which the 
ancients had of this planet. But as Colonel Markwick 
remarked in a paper in Knowledge (July, 1895, p. 152) — 
“To anyone who lias Been that planet in the latitude 
of Greece, it would seem a most remarkable thing if tho 
planet had not been Boon .and notod as such.” This 
proceeds partly from tho climates of Chaldea, Egypt and 
Greece being far bettor than that which we possess hero 
in England. But in addition to this tho greater nearness 
to the equator of these countries involves that the daily 
path of the sun and planets is more nearly perpondicular 
to tho horizon, and the twilight much shorter than with 
us, giving an ini mouse advantage over us for observing 
this planet. The accompanying little diagram, reproduced, 
by Colonel Mark wick’s permission, from tho papor just 
cited, shows the positions of the equator and of tho 
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tropics of Cancer and Capricorn, which mark roughly the 
limits betweon which the paths of the two planets are 
confined, as seen at sunset in the latitudes of 52° !N, and 
3(1° N. respeetivoly. 




Fid. 27. —Positions of tho Equator and Tropics, rolniivo to tho Wont horizon, 
for Latitudes 62° and i!G° N. 


Tho interval botwoon an oast olongation of Mercury and 
the following west olongation is a little over six weeks, 
Mercury passing botwoon the sun find tho earth in tho 
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meantime. The interval from west elongation to east 
elongation, Mercury passing behind the sun, is a little 
over ten weeks, the mean periods being 43£ clays and 
724- days respectively. The mean interval therefore from 
one elongation to the samo elongation again is 116 days. 
Since therefore Mercu$ goes through the completo cycle 
of his positions with regard to the sun in a little under 
four months, thero must be at least one favourable con- 
figuration in every year. In general there will be two or 
three. The attentive watcher therefore should have no 
difficulty in catching sight of. the elusive little planet at 
one elongation at least in each year. 

The motions. of Venus are similar in diameter to thoso 
of Moreury, but are performed more slowly, and the arc 
through which she swings is a wider one. The mean 
period from cast elongation as an evening star to west 
elongation as a morning star is 143 days, whilst it is 
441 days from west elongation round to east; tho entire 
synodic period therefore boing 584 days. There is of course 
no difficulty at all in recognizing Venus when she is near 
her elongations, for she is then the most brilliant star 
in the sky, but some interest attaches to her changos of 
brightness, Thoso changos depend upon two circum- 
stances : tho one, tho distance which she is from tho earth, 
and consequently tho apparent sizo of her disc ; tho other, 
upon the amount of that disc which is lighted up by the 
sun, in other words upon her phase angle. The disc is 
greatest when Venus is between the earth and tho sun, but 
at such a time the faco she turns to us is necessarily in 
darkness. Oil tho other hand, when she is in superior 
conjunction, that is to say on tho further side of tho sun, 
her disc is entirely illuminated, buti it is then at its 
smallest size. In both cases she is invisible since she is 
in full sunlight. 
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At elongation her dine is much larger than at superior 
conjunction, so much larger indeed that though it then 
appears like a “ half -moon,” it gives us three times the 
light which it would do could we observe ii, when it was 
full. But as she passes from east elongation towards 
inferior conjunction, the increase in apparent size com- 
pensates, and more than compensates, for the decrease in 
phase, until half-way between the two positions her light 
is four times that at superior conjunction. From this point 
the effect of phase is greater than that of increase of size. 
The timo of greatest brilliancy therefore is some 3(i days 
bofore inferior conjunction again !1(J days after. Then 
a period of 512 days will 'ensue bofore Venus returns a 
second time to her greatest, brilliancy as an evening star. 
And as five times 584 days — the synodic period of Venus — 
is almost exactly eight terrestrial years, it follows that at 
intervals of eight years the times of greatest brilliancy recur 
on almost the same dates, 

At her greatest brightness, Venus is so brilliant that 
there is no real difficulty in seeing her with the naked eye 
in full sunshine, or indeed at high noon. The hindrance is 
not the want of brightness of the planet, but the difficulty 
iu picking up so minute a point of light as she appears to 
1 ms unless some means is provided for guiding the eye to 
the precise spot. When so found the first impression is — 
“ How could I possibly have overlooked so bright an 
object ? ” The noxt impression, if the eye be turned from 
the planet but for a moment, is — “ What a hopeless task it 
is to try and find it again ! ” 

The statement has sometimes been .made that the phase 
of Venus may be seen under exceptional conditions with 
the naked eye. Frankly I think this observation lies out- 
side the limit of possibility} for Venus at her greatest 
brilliance is only about 40 seconds of arc in diameter. Now 
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40 seconds is practically the limit for distinct, do (hied vision, 
and it is very improbable that the precise shape of Venus 
could bo detected under such circumstances. It would, 
however, be interesting to know if any one could detect that 
the planet, was not round. It is just possiblo that an im- 
pression of elongation might bo given, though this would 
show exceptionally keen sight. 

The second group of the planets includes Saturn and 
Jupiter, which both move in orbits far outside that. oi. 
the earth. From tlio point of view of tho^ naked-eye 
astronomer, neither is of very groat interest. Their move- 
ments do not greatly differ from those of the stars, amongst, 
which they move but slowly. ■. Like the stars they will 
have their heliacal risings, being seen as morning stars 
iu the east just before sunrise. Easing earlier and earlier 
the time comes wlion tlioy are visible for the entire night. 
But. before they are in opposition to the sun, that is to 
say, are on the meridian at midnight, there is a striking 
change in their apparent motion amongst the stars. For 
tlie greater part of the year, Saturn is moving eastwards 
amongst the stars at an average rate of a degree in about, 
eight days. Jupiter tmvorsos the sumo distance in about 
half that timo ; but gradually as tlio time of opposition 
draws on, the speed of both planets diminishes, until 
Saturn comes to a stop about 70 days before opposition, 
and Jupiter about 60. Thou for 143 days Saturn moves 
westward, and Jupiter for 122, both planets becoming 
stationary again at the end of the poriod, and then resuming 
once more thoir eastward march, This period of westerly 
movement or retrogression marks the time when the 
planet is nearest to the earth and tlioreforo brightest, 
and it is at the middle of this poriod that the planet 
is in opposition, that is to say, is on the meridian at 
midniglit. 
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Just as it has been assorted that the crescent of Venus lias 
bean seen with the naked eye, so it is also assorted, hut on 
somewhat bettor authority, that, the satellites of Jupiter 
have boon soon at their elongations from their primary, 
and though of course it is utterly beyond tho unaided 
sight to perceive tho ring of Saturn, tho claim luis been 
made that, Saturn has been observed as an elongated, not 
n« a circular point of light. By a curious coincidence it 
happens that tho diameter of Jupitor at opposition, tho 
major axis of Saturn’s ring, and tho diameter of Venus 
at greatest brilliancy, are all very nearly equal; and all 
aro Yory near tho limit of defined vision. It follows there*, 
fore that tho Saturn observation is as difficult as that of 
Venus, hut the satellites of Jupiter are not quite so home- 
less. Tho first and second are always too close to their 
primary to bo seen apart from it, and they aro probably too 
faint as well. But tho third would bo very readily visible 
if it were a solitary star, and at its greatest elongation 
from the planet it is distant from it 5J minutes of arc, 
one-six tli of the apparent diameter of tho moon. Many 
people can separate gj and e 3 Lyrro which aro considerably 
nearer to each other. Tho fourth satellite attains a distance 
at, greatest elongation of nearly ton minutes of arc, a 
distance amply sufficient to separate it from Jupiter, but 
is by no means so bright an object as tho third. The 
story of Wrangol, tho celebrated Russian traveller, quoted 
by Mr. G-. F. Chambers from Arago, that whim in Siberia 
lie once met a hunter who said, pointing to Jupiter, “ I 
have just seen that large star swallow a small ono anil 
vomit it shortly afterwards,” is a beautiful specimen, of tlm 
traveller’s tale. Wrangol explains tho huntor’s remark as 
referring to an immersion and subsequent emersion of the 
third satellite, It escaped A rage’s notice that it takes l ho 
third satellite ovor a week to pass from one elongation to 


M 
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another, and that, further, as tho satellite would have re- 
appeared on tho opposite sido of Jupiter from that on which 
it disappeared, tho hunter would have scarcely described tho 
incident ns he did. 

An opera-glass of course easily shows tho satellites of 
Jupiter, and one optically perfect should suffice to elongate 
Saturn when the ring is fully open or to show the phase of 
Venus at greatest brilliancy. 

The movements of Mars are sufficiently different from 
those of tho other four planets . for him to bo considered by 
liimself; tho chief features in his case being tho length of 
time in which lie remains out of sight on the far sido of the 
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Pig, 28. — Tho East Horizon nfc 2 a.m. on tho morning of 1881, 
Juno 22. 

sun, and the very great difference between his apparent 
size when nearest to the earth and when farthest from it. 
Tho synodic periods of Mercury and Venus stated above 
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ai*o 110 and 58d< days respectively; those of Jupiter and 
Saturn arc 84 and 13 days longer than an entire year, but 
the synodic period of Mars is 50 days more than two years. 
During the groator part of this time he is moving eastward 
amongst the stars at a pace of only a little less than a degree 
a day. As ho approaches opposition his pace slackens down 
until, like Jupiter and Saturn, he becomes stationary and 
thou recodes for a time westward. This period of recession 
bogins about six weeks before opposition and lasts about six 
weeks after. 

The chief interest of Mars, as a subject of observation 
without the telescope, is the opportunity which he gives, 
especially when he is in the more distant parts of his orbit, 
and therefore relatively fain tor, to compare him us to his 
brightness with the stars near to which he passes. This in a 
work which needs doing, and which anyone could undertake, 
yet it has been almost entirely neglected. 

Three other planets are just ‘within the limits of visibility 
under favourable circumstances, Uranus, Ceres and Vesta. 
To these wo may now possibly add a fourth, Eros. But 
while the three above mentioned might be seen at any opposi- 
tion, Eros, if over bright enough, will only bo so at out* 
opposition in thirty-seven years. 

One feature of the march of the planets will always 
attract attention and give pleasure to the observer, oven 
though no practical result bo drawn from it ; that is tho way 
in which from time to time two or more of them will come 
into close proximity to each other, or it may bo to some 
blight fixed star or to tho moon. Thus on September 15, 
118(1, all tho five chief planots were in conjunction together 
in tho constellation Virgo to the oast of Spiea. In much 
more recent times, four of the five chief planets came 
together in the constellation Aries, Mercury being tho only 

m 2 
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missing mpmbor, and this conjunction was made I lie morn 
impressivo by tho presence in the midst of Urn group of I ho 
waning moon. This beautiful spectacle was witnessed in 
tlio early morning of Juno 22, 1881. 




CHAPTER IV. 

Sunspots and Moonspots. 

Tiikue are ouly two of the heavonly bodies which present 
a disc to our ordinary sight, and the surfaces of which 
therefore we can study without a telescope. These aro tho 
sun and moon. It is, of course, absolutely impossible that 
observations thus made can in any way compete with those 
made even with a baud- telescope ; but from tho point of view 
of astronomical drill, as distinguished from actual research, 
there is something to be said for systematic work 
upon both of them. Jupiter as seen with a magnifying 
power of 50, Mars at a moan opposition with one of 100, 
Saturn with a similar magnification, present about tho 
same apparent disc as tho sun and moon do to tho nalcod 
oyo. There is therefore a real interest in seeing how 
much detail tho eye can actually detect upon those two 
bodies. Tho limit of magnification possible for the 

oflieiont study of the surfaces of the planets is w' 
reached, and when an astronomical artist has done 
very best with Jupiter, Mars, Saturn, or Yornis, it wo 
he an invaluable check upon bis work if he would di 
the sun or moon, with a little instrument, and such sn»u 
magnification as would give to its diBo the same apparoi 
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diameter as had been presented to him by the planet, 
which he lmd just been studying. The “ Hulletin do lit 
Societc Astronomiquo do I'Yiuicu ” for 1 J MX) couluiiiH it 
large number of such drawings of the moon, nimbi with 
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Rig. 29.-— Photograph of Moon, tnlcon 1002, March 22, 
lOli. 37m. 24s. GhM.T. 

the naked eye, and the study of them is, I think, most 
instructive on a number of points which bavo boon in 
dispute from time to time as to the condition of the surface 
of Mars. 

The defining power of the eye is, of course, limited, and 
uhen a number of details are presented to it, each one of 
which is much too small to be defined separately, all together 
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produce a composite effect to which each detail has con- 
tributed in its own degree. Now thore certainly is a wide 
difference in the manner both in which such composite 
effects will impress different persons, and in tlio way in 
which they will record them in a drawing. And the study 
of the “personality” of astronomical artists should bo a 
necessary precedent of the comparison and collation of 
their drawings. The drawings of the moon, given in the 
volume referred to abovo, are as widely different as any sot 
of drawings that were over made of Jupiter or Mars. Yet 
a careful comparison of them with maps or photographs 
of the moon will show that the forms given are not 
imaginary, but have a real relation to the lunar markings, 
whether they be skilfully represented or no. 

The following drawings are from the volume cited, 
pages 277 and 505, and are by M. Maurice Petit and 
M. 13. M. Antoniadi respectively. The latter comments 
on his observations ns follows : — 

“ Ifc iR ft work of imnionso dilllculty to draw correctly all tlio 
“ details that the naked oyo vcvcalfi to us on tho surface of our 
“ satellite i It is abovo all things noeossary that tho moon should 
« bo Boon with tho greatest possible distinctness. If the oyo is not 
“ emmetropic it will bo noeossary to select glasses of tho proper 
a pooua bringing tho foous exaally on tho rotinu. J.'Ilo aoconi* 

« ponying sketch, which is only a rough approximation, was obtained 
*’ with concave glasses, allowing at least ton stars to bo soon in the 
« Kr()U p of the Pleiades 5 it is tho result of studios covering sovcral 
<« lunations. .... Tho darkest spots seemed to mo (l) the Maro 
" Tranquil litatis, and (2) Maro Nubinm. Tho Mare Soronilalia and 
“ Focunditafcis como next. Maro Imbrium and Ocoanim I’roeol- 
“ larmn are still paler. Tho littlo Maria Orisium, Vaporum, Humorum 
•• (ijjd Noetaris, avo rodueod in size by irradiation, and present to tho 
•* naked oye an appearance corresponding to that of tho Laous Solis 
« and Laene Lima of Mars as scon in a toloscopo. Tlio white spots 
« of Oopcrnious and Keplor aro vory well Boon, Aristarchus with 
“more diflleulty, whilst Tycho, with its brilliant surroundings, 
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“occupies an imtnonso wlnbo surface ; bub . . , tho ring itself 

“ is not aoen. Oner ike, Uonplund, Tarry and Rra Mnuro make up 
« a bright island in tho Mure Nulmnn. Lastly, tlic Maro tioronitatis 
“ is whiter in tho centre by reason of the great whito streuk coming 
“ from Tycho which crosses it." 

With regard to the sun, it may he thought that absolutely 
nothing can be done without optical assistance. But any 

it 



A, Miiro CrlBlum. H, Maro tVmeiindUiitiH, CJ, Marla Noolarls ofc Tran- 
fiuillttatis. I), Muro Imbrinin. 13, Ocoiuiuh Procollnrutii. T, Muro Ilumorum. 
G, Maro Nnbimn. H, Aiioitnlnes and Gopomlotis, 

Eia. 3!). — Drawing of tho Moon by M. Manrioo Totit, 


observer who will give himself day by day to its patient 
scrutiny will be astonished ere long nt tho result. Of 
course, in this case, the term “ naked eyo ” is no longer 
applicable, sinco the eye must bo shielded from the over- 
powering light of the sun by a dark glass or tho 
sun’s light may bo admitted through 11 small hole into a 
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darkened chamber and roceivod upon a white screen. But 
thus observed the sun at maximum activity will show a 
spot large enough to bo easily seen on fully one day in 
four ; not infrequently two or three spots may be seen at 
the same time. Had it occurred to the classical and 
mediaeval astronomers to watch the sun systematically in 
this way, they would not only have detected the existence 



Piu. 31. — Drawing of the Moon by M. Antoniiidi. 


of spots on its disc, but have demonstrated as certainly as 
we know it to-day the period of the sunspot cycle, and 
the value to us of that information would have been 
incalculable. More than that, it would have boon possible 
for them, from a long series of observations, to have fixed 
the solar rotation period fairly exactly and to have made 
a first approximation to the determination of tho position 
of the axis. 
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The accompanying littlo table and diagram give a. com- 
parison between the number of days in each year during 
the last two decades in which there wore spot groups the 
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No. of Days on which 
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29 


area of which as seen covered, more than one- thousandth 
of the sun’s apparent disc, and the moan daily spotted 
area expressed in millionths of the visible homisphoro as 
deduced from the photographic record at Greenwich. It 
will be seen that the first record comes as sharply to a 
maximum as the second, and falls off again as unmistak- 
ably to a minimum. Even some minor details of the 
second curve are faithfully indicated in the first. The 
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limit chosen — one-thousandth of the visible disc, or almost 
exactly the apparent size of Venus in transit — would not 
in all casos correspond precisely to the limit for the visibility 
of spots ; but general experience has shown that the limit 
selected corresponds very nearly to the limit of visibility 
without optical assistance, differing from it. in under- 



stating, not over-stating, the number of groups which could 
bo scon. 

Of course, there is no possibility now for tho “Astro- 
nomer without a Telescope” to improve on tho information 
which tho telescope can give us as to solar physics, but tho 
lesson which tho foregoing table lias to teach is a most 
important ono. Observations, as diflieult and as apparently 
hopeless as observations of tho solar surface would lmvo 
seemed to be in tho Middle Ages, may, if carried out 
pationtly and systematically, boar as rich fruit as solar 
observations could have dono even then. Even after tho 
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invention of the toloscopo, it was not 1,1m option! power of 
liis instrument, but l;ho porsoveranoo with which lie 
worked at a single objo ( .t which revealed to Hcliwabo tlio 
secret of the solar period, Ho luul no dream of Mm din- 
eovery before him when In; sot out upon his resou, relies. 
His own oxprossion was that ho “sot oiitlilco Saul, looking- 
for his father's ussos, aiul found a kingdom.” Thorn nro 
Icingdoms yet to be won, even in those Holds of astronomy 
which the telescope cannot touch. In particular, ehuugo* 
which are periodic in character will reveal the fact and 
citcmn stances of that periodicity to observations carried on 
patiently and continuously, even when the amount of snob 
changes at their maximum only just come wilhin I ho 
utmost limits of tlio power of the instruments used in t he 
work. 


CHAPTER V. 


A Modern Tycho. 

In the Chapter on the “ March of tho Planets,” X remarked 
'* This field of work has boon ho completely occupied in 
modern times by tho transit circle and allied instruments 
that it is now hopeless for tho astronomer without a telescope 
to dream of obtaining results of any value.” Yet though 
this is tho case, it has liapponod oven in our own day that 
circumstances have precluded an astronomer, not; meroly from 
using optical means and modern instruments of precision, 
but oven from availing himself of tho results which others 
have secured by their moans. This condition prevails 
in India, where religious sentiment places an embargo 
upon the results of western science. The very essence 
of Hindu life is tho faithful carrying out of a routino 
of religious observances, inseparably connected with the 
knowledge of tho positions of the planets and stars. For 
this purposo a full and correct calendar is needed for 
the right ordering of every Hindu family, To Europeans 
astronomy is the pursuit of the very few, and the multitude 
know nothing and care less about tho planetary move- 
ments, Such ignorance to the Hindu would indicate a 
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blameworthy indifference to tho duties of: volition and to tfio 
requirements of society. 

But a serious diflioulfcy has boon growing Cor many 
years. Two hundred years ago Elijah .Toy Singh noted 
that tho calculation of tho places of tho stars its obtained 
from tho tables in common use, gave widely different 
results from those obtained by observation ; the times 
and magnitudes of the eclipses of tho sun and moon, the 
times of tho risings and sottings of tho planets, and of the 
appoarauco of tho now moon, woro all faulty ; tho ancient 
Siddhantas having been loft without revision from the 
time of Bhaskara, tho author of tho Suldhanta-Siromani, 
nearly six hundred years before. It was in consequence 
of this discrepancy, keenly felt even then, that Rajah 
Joy Singh obtained tho permission of Mnlioinmed Hhali 
to erect observatories in order to obtain now data by 
which tho tables should bo corrected. Throe of tho five 
observatories erected by .Toy Singh are well known, those 
of Joypore, Delhi, and Benares. Of those, tho one at 
Delhi, established about tho year 1710, appears to have 
been the first. 


The Gentur Muntur, or Royal Observatory of Delhi, 
though barely two centuries old, is of a thoroughly ancient 
typo in its conception, and was intended for naked. eye 
work alone. Just as at tho Royal Observatory at Green- 
wich the transit circlo and altazimuth am considered the 
two fundamental instruments, so hero at Delhi tho 
chief structures woro evidently dosigned for corresponding 
purposos. 


Tho first object to catch tho eye is tho groat gnomon, 
the vertical section of which is a right-angled triangle 
with an hypotenuse of 118 feet, a huso of KM, feet, and 
a perpendicular height of 57 approximately. The face of 
the gnomon therefore is parallel to tho axis of tho earth, 
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its atiglo corresponding to the latitude of Delhi. Dp the 
middle of the gnomon runs a staircase, aud right and left 
of the gnomon aro groat sectors on which its shadow falls ; 
thoso also boing provided with steps over which the 
shadow took four minutes of time, corresponding to one 
degreo of arc, to pass, A smallor structure near has some 
variations in its design, the gnomon being in tho centre 
and flanked on either side by semi-circles sloping down- 
wards from it towards the horizon. Further to tho south 
of those gnomons, the chief use of which must simply have 



Fig. 33.-— Tlio Ctontur Mimtuv, ov Royal Observatory of Dolhi. 

been to give tho solar time, aro two largo buildings, 
which aro evidently intended to serve as altazimuths. 
The two buildings aro exactly alike in design and size, and 
they give the appearance from outsido of being mimaturos 
of the Colosseum at Rome. Within they are seen to be 
perfectly circular enclosures. The wall of each is pierced 
by three tiers of windows, thirty in each tier, tho breadth 
of each window opening boing precisely equal to the width 
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of tbe wall between each pair of windows. The difference 
between tbe two buildings in simply it t|UOH(.ion of position, 
tlio two being so nrrimged flint the windows of ono 
command precisely those azimuths wliieli tiro bidden by 
the wall of the otlier. In the centre of each cnclomirn is 
a pillar rising to the height of the enclosing wall, whilst 
from the circular wall thirty stone sectors are d heeled 
towards tlio central pillar, but do not quite reach it. The 
building is 1.72^- foot in circumference, or fib font in 
diameter, aud the sectors running from the wall Inwards 
the pillar are 24^ foot in length. The windows, no doubt, 
were intended to enable the altitude and azimuth of any 
celestial object to bo road off at sight, and for rough 
positions no doubt it did fairly well. 

But the chief interest of Joy Singh’s observalnriert 
lies for us in the fact that they recall a time whim 
astionomers sought for exactness by l.lio erection of huge 
structures of stone, Of these tlio Groat Pyramid is by far 
the greatest and most perfect example. Tlio north Him ft, 
pointing to Alpha Draconis, the pole star of tlio period, ( lie 
grand gallery which may very well, as Proctor suggests, 
have been used as a vast transit chamber, give evidence of 
its astronomical purpose, whilst the care with which tlio 
exterior of the Pyramid has boon oriented, would llx mont 
delicately the dates of recurropoo of the spring and 
autumnal equinoxes. This would bo soon from tlio circum- 
stance that on ono day in spring tlio north face of the 
Pyramid would be in shadow at sunrise, and the next day 
the south face, whilst the reverse effect would he noted in 
the autumn. The exact days of the equinoxes would ho thus 
pointed out, and the return of the year to the same point 
would be marked with groat precision, 

Britain has. its own monument-Stonohengo-whioh lm« 
been claimed as, if not indeed an astronomical observatory, 



A H01.1EKN TNTCJIO. 


165 


u.t; least an astronomical temple, and many attempts; have 
been made to determine the date at which it was erected. 
Thu diflieulty, not to say the impossibility, of solving this 
problem in the present state oL ! the monument may bo 
inferred from the fact that the dates which different observers 
have deduced for its erection extend over a period of moro 
than 2000 years. 

Tim best work of astronomy, even in the pro- telescopic age, 
was never done in edifices like these. ISTor, indeed, does it 
require much knowledge of human nature, essentially i-ho 
same 5000 years ng‘y as to-day, to see that the time secret 
of the Pyramid, the amply sullicieut cyaiso for its building, 
was the vanity of t,he ruling Pharaoh. Wo get a graphic 
hint of this in the narrative in Genesis of the founding 
of a yet earlier observatory, for so no doubt it was. “ They 
said, Go to, let. us build us a city and a tower, whose top 
may reach unto heaven, and let us make us a uamo.” Alike 
at Delhi, at Ghi/.oh, and on Salisbury Plain, as by 
the Euphrates, to “ make a name ” was, beyond doubt, the 
exciting motive. Astronomers may have been employed to 
superintend the work, astronomy, or the cult of the celestial 
bodies may have been the excuse, but the real motive was 
ostentation. 

But the work for which the pretentious buildings of tho 
Rajah of Amber were designed, has been more ollioiontly 
accomplished (piite recently by very humble means, and by 
a recluse in an obscure village.* Chandrasekhara Simlin 
Sanianta is a near relative of tho llaja of Klunulapara, 
one of the tributary chiefs of Orissa. At tho early ago 
of ton, having been taught a little astrology by one of 
his uncles, he became most anxious to measure on his 
own account tho positions of the stars in their nightly 


* See Ksuwwmoii, VoL. XX.tr., p. 257. SiddlmnUi-Uai-puna. 
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movements, and by the time that ho was fifteen years of 
age and had learned to calculate tho ophemeridos oL ! the 
planets and of the risings and settings of stars, lie was 
deeply disappointed to find how great was tho discordance 
between his calculations and what he actually observed. 
It was no wonder that lie found discordances ; no two 
of the current Hindu almanacs agree in their predictions, 
and one of the most widely circulated of the .Bengali 
almanacs may be as much as 4° out in tho longitude of a 
planet. 

In this difficulty Chandrasekhara had to work out bis 
problem unaided. He bad to make his instruments for 
liimself, to some extent he had to devise them. The one 
of which ho was fondest is a tangent staff consisting of a 
thin rod of wood twenty-four digits long, at the ond of which 
is fixed another rod at right angles in tho foi’m of T. The 
cross-piece is notched and also pierced with holes equal to 
the tangents of the angles formed at tho freo extremity of 
the other rod. 

For many years he lias been carefully revising tho 
Siddliantas in order to bring thorn into conformity with 
his observations made at the pvosont period, and he has 
been able to obtain a most astonishing degree of accuracy 
in his rosults. Thus, the sidereal poriod for Mercury is 
only 0 0007 days different from that adopted by European 
astronomers ; for Venus it is only 0'0028 days. Tim 
mean inclinations of the orbits of tho planets to tho 
ecliptic are correct to about a minuto of arc. The errors 
of the ephemeridcs computed from his now constants aro 
reduced to about one-tenth of those in some of the most 
widely circulated Hindu almanacs. In his discussion of 
the moon’s motion, he made the discovery — independent 
and original on his part — of the lunar evection, variation 
and annual equation, which found no place in the earlier 
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Siddhantas. In much of his work he had tko advantago 
of comparing his observations with those of Bhaskava, 
made more than seven hundred years earlier ; not indeed 
that tho latter had recorded his actual observations, l>nt 
it was possible to ascertain what thoy must have been from 
t.ho planetary elements which he had deduced from them. 
Nevertheless, to have obtained such important results and 
so high a dogroo of accuracy, by naked-eye observations 
and with entirely home-made instruments, and in tho utter 
absence of modern book learning, is a striking illustration 
of what resolution can effect. ' 

Chandrasekhara has been compared to Tycho Brahe, and 
tho comparison is in many ways a just one, though the 
rocluso of Orissa lacked many of the advantages possessed 
by the noble Dano. As to the accuvacy of Tycho's work, 
it will ho remembered that Kepler was led to the first of 
his three groat laws by finding that his theory of the 
circular motion of tho planets differed from an observation 
of Mars by Tycho by eight minutes of are — but one-fourth 
of tho moon’s diameter. Kepler concluding that it was 
impossible that so good an observer could bo in error to this 
extent, abandoned his hypothesis and tried that of motion 
in an ellipse. 

In tho recluse of tho Orissa village, we seem to see 
reincarnated, as it wore, ono of the early fathers of tho 
science, long centuries ore tho telescope was dimmed of, as 
he grappled with tho probloms which tho planetary move- 
ments offered to him for solution. Moro than that, lie 
affords an example of the achiovomonts within the reach 
of tho nalcod-oye astronomer, and a telling illustration of 
the precision which patience and practice can give to hand 
and oyo. And those are always needed. For be the 
telescope ovor so good and powerful, still that which is by 
far tho most important is the man at the eye-end. 
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ASTRONOMICAL OBSERVATIONS 
WITHOUT A TELESCOPE. 

CHAPTER X. 

Meteors. 

It is an old saying, of the truth of which wc are often 
reminded by our daily experience, that what is every- 
body's business is nobody’s business. Work which 
someone is obliged to do, or is paid to do, gets done. 
Work too which is only open to a few to undertake 
also generally finds that some of that few will undertake 
it. But that which is open to everybody and yet to 
which no one is appointed, no one is driven, bangs fire 
and is left undone. 

To take ono example, one of the very earliest achieve- 
ments of astronomy was to determine the length of the 
year. This was done long ages ago, earlier than we 
have any record. But it was a necessary, or at any rate 
a very practical and useful work, and consequently was 
done at an early epoch. Take again a modern instance 
— the observation of double stars. This is a work which 
is by no means within everybody’s reach. A powerful 
telescope, well mounted, clock driven, and furnished 
with a good micrometer, is the luxury of the few. But 
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in spite of, perhaps we should rather say because of this 
restriction, double star observation has always found a 
number of ardent followers. So that although it is but 120 
years sineo this branch of astronomy took its rise, it has 
already made a most amazing progress. 

On the other hand, the various branches of naked-eye 
astronomy, branches open to every one who has eyes 
to soe and a good atmosphere, have been left almost 
unworked. The departments of meteoric and variable 
star astronomy are the only two in which great and 
substantial progress has been made, and in both cases 
such progross has boon the work of the last few years. 
In meteoric astronomy that progress has been especially 
striking. It therefore justly comes first of all the subjects 
for study open to the astronomer who has no optical 
assistance at his command ; the more so that no other 
objects can be so easily or frequently observed by him as 
meteors ; none can afford him such an opportunity for really 
useful work. 

It is very striking in looking back into astronomical 
records to note how very recent is most of our informa- 
tion concerning meteors. For thousands of years men 
havo been aware that there wore ” wandering stars to 
whom was reserved tho blackness of darkness for ever.” 
At times, too, they would come, " not single spies but in 
’battalions,” in such numbers and with such brightness 
as to compel attention and create the deepest astonish- 
ment and fear. But for all those ages it does not seem 
to havo occurred to anyone to try and observe them ; 
til at is to say, to record such facts about them as it 
was possible to ascertain during the brief momenta that 
thoy shone. 

There is an immense gulf between the mere admiration 
of tho phenomena of nature and their observation. Tho 
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first is utterly unfruitful ; long generations of men pass, 
each having seen the same kind of event, and yet the 
accumulated experience of ages leads to nothing. 33ut, 
on the other hand, let one man, or, better, let three or 
four give a few years to the careful, steady record of 
everything that they can ascertain about sonic phenomenon, 
however unpromising, and what marvellous facts leap into 
light ! 

How utterly ignorant even recognised authorities wero 
but sixty years ago may be seen from the following 
quotation from a standard text-hook bearing the date 
1840. 

“The Falling Stars, and other fiery meteors, which arc fre- 
quently seen at a considerable height in the atmosphere, and which 
have received different names according to the variety of their figure 
and size, arise from the formontation of the oflluvia of noid and 
alkaline bodies, which float in the atmosphere. When fcho move 
subtile parts of the eftluvia are burnt away, the viscous and earthy 
parts boeanae too heavy for the air to support, and by their gravity 
fall to the earth. 

“ On the 13fch of Novembor, in tlio year 1833, a shower of meteors 
fell between Ion. 61° in the Atlantic Ocean, and Ion. 100 p in Central 
Mexico, aud from the North American Lakes to the southern side 
of Jamaica. These fireballs wero of enormous size ; one appeared 
lnrgor than the full moon at. rising, Thoy all seemed to onmnate 
from the same point, and were not accompanied by any particular 
sound. It was nob found that any substance reached the ground 
so u3 to leave a residuum from the meteors.” 

It did not seem to occur to the writer of the above 
description that the circumstance which he mentions — 
namely, that the meteors “ all seemed to emanate from 
the same point,” itself proved that the meteors were entering 
the atmosphere from outside and were moving along parallel 
lines at the time of their entry. 
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Tho great display referred to above, however, was the 
'emulation of modern meteoric astronomy. So magni- 
ieont a spoctaclo as was then witnessed not only attracted 
housands of gazers, it caught tlio attention of men 
vho were resolved to use every possible opportunity for 
earning. 

Tho enormous numbers of meteors seen in tho 
November shower of 1833 rendered it manifest that on 
diat occasion, at any rate, tho falling stars seemed to 
have their origin in a single point of tho heavens, and 
thoreforo it became an important point, whenovor a 
meteor was seen, to note exactly tlio direction of its 
(light. Humboldt, who had himself seen tho great 
November shower of 1790, writing in 1814, recognized 
four points in tho heavens from which meteors seemed 
to fiill, and throw attention, though with some hesitation, 
to tho reasons for thinking* that tho November shower 
was only occasionally to be seen in great force. Sir 
John Herschel, about tlio same time, recognised only 
two showers, those of August (tlio Persoids) and tlioso 
of November (tlio Leonids). Now by tho labours of a 
very fow observers, one of whom, Mr. Denning, may bo 
said to have outweighed all others put together in tho valuo 
and number of his results, wo know of many hundreds 
of radiant points, whilst tho researches of Adams and 
Schiaparelli have enablod us in some cases to trace tho 
meteor streams in their path, not only far beyond tlio spread 
of our own atmosphere but to tlio very limits of the solar 
system, and they liavo been shown to bo not more dis- 
tempers of the air, but bodies of a truly planetary nature, 
travelling round the sun in orbits as dofiued as that of tlio 
earth itself. 

How lias this great advanco been madoP Simply by 
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careful, patient, intelligent observation. First ot* ail 
by carefully noting the points in the sky whoro the 
meteor was first seen and whore it disappeared. This 
requires a thorough knowledge of tlio constellations, as 
indeed all naked-eye astronomy does, and great quick- 
ness of observation. The meteor worker must bo able to 
tlx the two extremities of the path at a glance and 
to remember tliem faithfully until he can in some way 
or other note them down. Mr. Denning advocates the 
use of a perfectly straight wand, held in the hand, and 
projected upon the path of each meteor immediately it is 
seeu. The direction and position of the path relativo to 
the stars amongst which it lies can thou be noted with con- 
siderable precision, and the path marked down upon a globe 
or chart. 

For this he will require a certain amount of what we 
may term apparatus, either a celestial globe or a set of 
star charts. The choice of the latter is of importance, 
as no possible chart can show the entire sky without 
grave distortion some way or other; and more important 
for the present purpose, there is only one projection 
which will give a straight line on the chart for all great 
circles or parts of them; that is to say, for all lines 
which . impress ns as straight lines as wo seo thorn on 
tho sky. 

The observer's first duty, therefore, is to acquaint 
himself with the constellations ; his next, by repeated and 
persistent effort, to learn quickness and correctness in 
fixing the extreme points of the meteor paths. This 
done, he will recognise that there are several other 
features in which meteors appear to differ, tho one from 
the other. His observations of the paths will soon show 
him that the length of a meteor path varies greatly ; 
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he cannot fail further to notice that tlio apparent speed 
with which it travels varies also. To the record of; the 
path, therefore, should bo added the determination of its 
length, which of course can bo read off from the globe 
after the track has been marked down upon it, and 
the time which the meteor took to traverse it. And as 
for comparison with the records of other observers it is 
essential to know when the motoor was scon, this should 
also be nobid as well as the duration. 

The actual meteors themselves also have their indi- 
vidual characteristics. Some leave phosphorescent streaks 
behind thorn, others trains of .sparks. More striking 
than anything else is the onormous difference in brightness, 
from ono like the meteor alluded to above, “larger than 
tlio full moon at rising,” down to others only just visible 
to the naked eyo. 

All these particulars should be duly and regularly 
recorded ; the record taking tlio following or an equivalent 
form : — 

1. Date, hour, and minute of appearance. 

2. Brightness; in terms of stellar magnitude, or if very 

bright, in terms of the brightness of some planet 

visible at tlio time. 

3. R,A. and Docl. of tho point of first appearance of 

the motoor. 

4. 11. A. and Docl. of tho point of disappearance. 

5. Length of path. 

ti. Duration of visibility. 

7, Chief characteristics, such as its colour, whether it 

showed streak or train, etc, 

8. Radiant point; when a sufficient number of meteors 

have boon observed for this to bo determined. 

Mr. Donning, in a paper on “ Moteoric fireballs, 
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appearing in the Quarterly Journal of the Astronomical 
Society of Wales for November, 1898, makes the following 
amusing, but none the less earnest, appeal to be supplied 
with these necessary details instead of the flamboyant but 
useless descriptions so common in the ordinary accounts 
of fireballs or other bright meteors : — 

“If amateurs generally paid attention to these details and really 
sought to secure that exactness which is so access ary in those 
observations, there is no doubt that this attractive, though dilHonlt, 
field of practical astronomy would soon roap material hone (It. In 
recent years there lias scarcely bcon one out of ton fireball descriptions 
which has proved of utility. They have commonly lacked definite 
reference to the essential features. If a computer lias only two 
full and accurate observations of a meteor, ho can determine its 
real path in tho atmosphoro (including the particulars of its height, 
radiant, velocity, &c.) in considerably less than an hour. But when 
he has fifty or sixty imperfect and erroneous observations of a 
similar object lie usually fails, after a laborious discussion extending 
over several days, to derive anything satisfactory from them. Tho 
discordances which such faulty observations present, often lead him 
to conchulo that in order to harmonise thorn sovoral largo meteors 
must have appeared at about tho same time, 

“ I will quota two examples (omitting nnmos) of published 
descriptions of meteors, one of which is of littlo utility, though 
couched in language woll calculated to make our hearts throb with 
sentiment, and tlio other really valuable, though quifco lacking in 
poetic fire : — 

(1) *On Juno 10, 1801, I saw a beautiful phenomenon— Biiddonly, 
at tho zenith, E. of tho Grunt Boar, shono forth a yellow 
globo like Venus at her brightest. Dropping smriowlmt 
slowly, it fell obliquely southwards. As it passed in its 
brilliant career it lighted up its dusky path with a glorious 
lustro. When it had descended about half-way down 
towards tlio horizon, it burst into a sparkling host of glorious 
fragments, each dazzlingly shot over with all tho hues of 
tho rainbow,’ 

. (2) ' Date and timo : 1802, Deccmbor 12, lib. 22m. Cf.M.T, 
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Object : 3?ino meteor, nearly = 2. 

Path i 55° +41° to 43* + 20° ; length, 22V 

Duration of (light : 1*2 second. 

Colour : Bluish-white. 

Appearance : Brightest in latter portion of its path, whom it 
loft a white stroalc for about ono nocond. 

Probable radiant: e Ursa) Mujoris.' 

" Tf nil such reports were mode llod according to tho latter plan 
tho sufferings of tho motcorio computer would vanish, tor lio would 
Had himself in tho prosoneo of materials admitting of easy reduction 
and promising results of tho highest value, 

“Some yoars ago I remember receiving several accounts of a 
brilliant Aroball, and, after comparing tliom, concluded that another 
description of tho ond point aeomod necessary to clear up doubts. 
An early post fortunately brought mo another loiter referring to 
tho same objoct, and ns I eagerly read it, I thought, ‘Ah, this is 
just wluit I wanted!’ But tho observer, in alluding to the end of 
tho phenomenon, only said, ' at its disappearance the meteor got 
into a cloud, wlioro it lieuvod one mighty Hash, and all was over!’ 
This was too cruel 1 Of course, it mny bo henofloitil for amateur 
observers to relievo their pont-up feelings in this way, but they 
should liavo a thought for tho agony occasioned to tho poor 
would* bo computer.’* 

Steady persistent practice in noting these particulars 
will soon give tho observer increased si till. Ono item 
requires especial attention — the duration of the meteor. 
Mr. Denning tolls us that ho has trained himself by 
observing the flight of arrows. He has employed a 
friend to shoot those to distances from fifty to two hundred 
yards at right angles to tho line of sight, tho elevation 
being varied as much ns possible, and by repeating these 
experiments ho lias learned to judge intervals of from one 
to live seconds with an average error of less than ono -fifth 
second. 

All the above particulars, and not merely the direction 
of tho paths alono, are of value in the determination 
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of the radiant point. Tho meteors of one radiant havo 
similar characters as to colour, streaks, etc., and also 
as to rate of motion. The apparent length of path is 
affected by the height of the radiant point, Mr. Denning 
noting of the Perseids of August 10 that, whilst between 
9 and 10 o’clock in the evening the brighter meteors avorago 
a course of about 30°, in the morning hours when the 
radiant is near tho meridian their paths are only one-third 
the length. 

As in all good work, skill is not acquired at once, 
and the would-be meteor observer will find that lie 
makes many failures to begin with. His first successes 
will probably be with some bright sloiv-moving meteor, 
and as theso are relatively few, lie will probably havo 
to wait some considerable time beforo ho can accom- 
plish much, This neod of patience and practice is ono 
great reason no doubt why so few take up a pursuit 
which requires no equipment and which soon becomes 
full of fascination, Another is to bo found in tho 
unfortunate fact that from midnight to dawn is a much 
more fruitful time than from sunset to midnight, since 
the meteors which come to meet the earth aro necessarily 
much more numerous than those that ovortako it, and tho 
earth has its sunrise point in front as it moves forward in 
its orbit, its sunset point behind. 

Yet there are always prizes to bo secured. There is 
a great pleasure when some brilliant wandoror flashes by 
in knowing that one has secured as full and accurate a 
record as possible of its appearance. It was seen but for 
a moment, 

“ Like a snowflake on tho river, 

Ono moment white, fchon gone for over.’ 1 

Yet it has left something behind, something permanent, 
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something which years after may bo eloquent of unsuspected 
truth. 

The groat Persoid shower, chief of all those which 
aro of regular annual recurrence, has been rich in such 
indication. It lias shown itsolf to be in intimate con- 
nection with tho Third Comet of 1862 discovered by 
Swift. It lias been traced night after night for a very 
considerable time before tho date of its maximum, 
August 10, tho radiant point travelling steadily back- 
ward in tho sky from tho borders of Cassiopeia and Andro- 
meda in tho middle of July to those of Camelopardus 
in the middle of August 5 the steady shift of the radiant, 
night after night, having boon abundantly demonstrated 
by observations as well as being in strict accordance with 
theory. 

The two most celebrated showers, after that of the 
Persoids, both fall due in the month of November ; the 
Leonids, and tho Andromodos, Tho history of the 
former shower goes back 1000 years to Oetobor 12, 
902 A.i)., a sufficient numbor of records being extant 
between this date and November 11, 1799, to show 
that tho sliowor came in great force on an average 
three times in a century, and that the day of the 
Hhowor was moving slowly onwards in the yoar. The 
astonishing display which took place on November 12, 
1808, which from tho accounts preserved would scorn 
to have boon tho most improssivo astronomical spectacle ever 
witnessed, enabled Prof. Newton and Prof. Adams to 
demonstrate that tho shower was duo to an immense swarm 
of meteors travelling in an elliptic orbit round the sun in 
a period of 33| years; while Prof. Schiaparelli showed 
that Tompol’s Comet, 1866, 1., moved in practically the same 
path. 
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The great shower of N v«mu I mo* Id, iHtltl, added n,.t<ii 

to our knowledge, and imjiorhiut hut less a |;i n t .0 • 

plays wore neon in Iho two follow in-* yesr.i, After j-oi:' 
ooiiHpicuoHs uli owe CM from the nidimil. in l.eo ,-, nt .|, 

but trained hiolnor ohMorvei'M have hardly ev.-r failed c. 
noticu a Low oliitmeloriwlie melrora from thin puinf of the 
lioitvoiiH Oil November I f, or llie nights immediately joe. 
ending mid followin''. 

Ah there appeared |o he h innvium m i he 

number of meteors an early mi publm ,.\j 

of it repetition of the grand spectacles of | HliiS ami },;Oi; 
began to he excited in November, I hint, mid t he inter.- o 
was inert!) mod. the following year. It. in m.iller . *l 
liintory that on neither oecuHion win I Imre mi vt Ling {.. 

answer expectation j a few IdeonidM indee.l were*,, , |,„i 

nothing which by the utmost stretch of language ,’.mM 
be described as a great shower. Tim reason \,f 
failure in matter rather of conjecture limn of knowledge 
Dr. Johnstone Hlonoy and Dr. Downing considering that 
the orbit of the meteoi'H him I *„ far perturbed |j m |. tho 

main Htrenni now puHHe.s clear or nearly clear of Die ear) 1. 1 „ 
orbit. 
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Tlm hi story of t!m Andronmdes in it h Hell lv no wit itH U tail 
uC (In* lirimiiln. Whilst tin* In 1 1 or approach Mm hud al 
1 hoi r | *t-i i liol ‘h mi ii i non r! v us I In' earth dees, and recode 
fiomewlml l toyon* I t lio orbit of llrunun at aphelion, Mm 
\ to homo, h.t only recede almol. Imlf-way hclwmi I ho orbit, it 
r iiinl Sul urn. Tlmir | tor itn I therefore in oho of 
ill, years iiu compared with 1 1 to lilt] of I ho lieonids, and 
(lio i'ivuIomI showers I hit t. wo Imvo had from l.liom in 
recent v oil i'h liavo boon in iH'/lf, iSHo, uiol 1HJI2. Tim 

shower of November l! V ► I S'/:!, wau mm of 1 in r iulorcnl, 

inasmuch an if win limn clearly reouj'iiized that. 1,1m 
swarm win moving uhmj; tlm Maine orbit whioh had boon 
travelled hv tlm lout oomot, of lliola, Mm cuniol. whioh 
divided iiilo I wo portions in December, 1 ><!<>, and which 
Inn never been noon nincn lH, r »:! ( when it, relumed, iilill in 
I wo portions. 

Whihtl I ho I, tumid shower hint boon fullin|' gradually 
ht lor and later in the year, no Dial November Ih in now 
ilu tlab’ of maximum, llm AudrmnodoH, or Uielida an limy 
a ro indifferently ealloil, have moved from November 27 lo 
November !!!!. 

In !tlmr|p emilraul with Mm apparent. aloft hi}' of llm 
(louitimi of the Borneid rad ia nl< during Mm moulha of 
duly ami A iifpiul , referred lo above, him been anollmr 
fuel whioh Imif' yearn id’ patient, work have onaltled 
Mr, hemiiuj' lo demount rale namely, Mm exintenon of 
ra< I in u In which do m»l, nhil'l, mil junta whioh endure for 
many numlha together. Here wan a. nimiimutanee which 
could uol have been ant ieipuled, which wan indeed in 
Hai'ranl mill radieMoii to Mm llmnry of mcleorie nmlion, 
•m<i which even yel, renminn wiMnml any iule«|imle explana- 
tion, Vnl one niuj'le observer, by aimer patience and pm*- 
fieverauce, ban driven home (lie unexpected, unexplained, 
mmniinjdy impossible fact,, and after having ham Imif' 

o 
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rejected even by experts, the fact, of stationary radiants 
has at length received general recognition. 

Such a fact, unexampled in the history of astronomy, 
ought to make many a meteor hunter. For six thousand 
years men stared at meteors and learnt nothing, for sixty 
years they have studied them and learnt much, and half 
of what we know has been taught us in half that time 
by the efforts of a single observer. 

The following list of the principal meteor showers is 
reproduced from the Knowledge Diary for 1902, p. 72, and 
will prove fully sufficient for the beginner. An ampler 
list is supplied by Mr. Denning, year by year, in the 
Companion to the Observatory. 


Nnnio of Shower. 


Quadrantida ... 

* Cyguids 

“ bniixmida ... 
a Serpentids . . . 
0 Leonids 
0 Ur.sids 
Lynda 
’} Aqunrida 
r < Pegaaids 
5 Cepheids 
“•0 Poracida .... 
® Aquarids 
Perseids 
Y Pegnsida 
0 Piseiils 
v A unguis 
Orionids 
8 Oeminida ... 
£ Taurids 
Leonids 

* Taurida 
Andromeles ... 
Gemiuids 


JRndiant Point. 


3t.A. 

Doc. 

0 


230 

+ 53 

295 

+ 53 

211 

+ 69 

236 

+ 11 

375 

+ 10 

161 

+ 58 

270 

+ 32 

338 

- 2 

333 

+ 27 

335 

+ 67 

48 

+ 43 . 

339 

-12 

45 

+ 57 

5 

+ 10 

346 

+ 0 

73 

+ 42 

92 

+ 15 

106 

' +23 

56 

+ 9 

150 

+ 23 

63 

+ 22 

25 

+ 43 

108 

+ 33 


E|ioeh. 


Jan, 2 — 3. 

Jnn, 14—20. 

Fob. 1 — 4. 

Feb.. 15— 20. 

Mar. 4-15. 

Mar. 24. 

Apr. 19—21. 

Apr. 29— May (j. 
May 29 - June 4. 
Juno 10—28. 

July 23— Aug. 10. 
July 25-31. 

Aug. »—ll. 

Aug. 25— Sopfc. 22.' 
Sept, 3— 8. 

Sopfc. 12— Oct. 2, 
Ocfc. 15-24. 

Oeb. 14—29. 

Nor. 2 — 3. 

Nov. 13—15. • 

Nov. 20—28. 

Nov. 23—24. 

Dec. 1—14. 




ClIArTKIt IT. 

Tina Zoiuauat, Limur. 

Tun curliest Knglmh description of the Zodiacal Light 
af which I know was given by Dr. (Jhildroy at the 
<md of bin “Britannia Bacoaiea,” jmblishnil in 1(5(10, It 
is us follows : — 

"There i» «, thing which I muni; iuhhIh reuonmnunl to fcha 
Olworviition of Mutluuniifcieid Men, which is that in b't'Mvunrif and 
lor a littlo ho To vo mid a little lifter that Afontli (an I have observed 
several Years together) , about 0 in the I'lvouing, when ( Ini Twilight 
hurt nlitiont deserted. the 1 torizon, you hIiiiII nee a plainly (liw'orniblo 
way of the Twilight striking up lo wards the V fount tm m* Ho vim Stars, 
mid Booming almost; to touch them. It is to he observed any clear 
Night. Tlioro in no emih Way to ho olmorvod til; any other time of 
the Year that I can ponmivo, nor any other Way at that time to lo 
perceived darting up elsewhere. Ami I believe it hath Imon and will 
ho ummtuntly visible at that time of the Year." 

■ Tli in description of him Zodiacal Light is quitn suffi- 

cionlly accurate) for our ordinary Buglisli experience. 

Tn tlio tropics, however, it is soon far more constantly, 
and attains a brilliancy and distinctness of which we 
Holdout have any example hero. Tlioro, not only during 

spring, but; more or loss during tlio wliolo year, if the 

western slcy bo watched nflor hiiiihoI;, an tho twilight 
fados out, it will 1m soon that tlio twilight; which at 

o 2 
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first seemed to bo ft pretty regular arch in the west, 
begins to show ft tongue of somewhat greater brightness, 
which becomes clearer and clearer as the bach ground 
of the shy around becomes darher, until at leugbli 
it stands out defined as a great nebulous patch of light, 
broadest and brightest near the horizon and fading' 
gradually away to the right and left and towards its 
apex. At its brightest part, and when best seen, it 
often much outshines the Milky Way ; by as much 
perhaps as a couple of magnitudes — that is to say, 
about six times ; i,e., it is as much brighter than fcho 
Milky Way as the latter is in excess of the average 
brightness of the sky. But such a degree of brightness 
is confined quite to the centre of the light and to the 
portion nearest the sun 5 its borders melt indefinitely 
away until they are no brighter than the background 
of the sky. 

The shape of the Zodiacal Light varies. It is broadest 
close to the horizon, where it may be as wide as 25° 
or even 30°, and tapers somewhat quickly at first. At 
60° or 70° from the sun, it has become much narrower, 
and its edges, so far as they can he discerned, are nearly 
parallel. 

It is easy to see why this beautiful and mysterious 
object is so much better seen in the tropics than in the 
temperate zone. The twilight is so much more pro- 
longed in the latter ; and the Light is of so elusive a 
character that a three days’ old moon is sufficient to 
blot it out, It caunot, therefore, be seen here nearly 
so soon after sundown as in the tropics, partly because 
the ecliptic, with which its axis nearly coincides, is 
lower in our skies than in equatorial regions, and 
paitly because our twilight is so much more prolonged. 
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II we laliti it, that it in not until about nil hour mul a 
hull to two hum's alter suirnot tlml, wo ean non Iho 
Light in *hiu 1‘ounlry, (lion at I, Im oud of Fohruary in 1 
Iho hoj-iimini; of Maivh wo shall have tlio point of 
inlomurlion oi tin' oolijitio mill oipmlor upon tlio 
horizon jiml about Iho tinio wlion tho Light in beginning 
In allow ilnoll. Ami, us Iho aee.ompuny.iug diagram 



will hIiiov, Iho angle whit'h Iho oelipUo limlcou vvilh 
Iho horizon in greatonl. at this timo of Iho yoar j ho 
that Iho /lOtliimil Light risen up inoi'o abruptly into 
tho nky than at itny other timo, ami il.ji hrightnoKH in 
Iheroloro least alTertod by Iho abHorption of tho lowest 
h train of our atmosphere. 

Although iho /mdiueal l.iglif Ims boon morn or loan 
muter observation for Homo three oonturioH Iho groat 
•Kepler having euro fully observed it, with llm vosnll. 
of eoiiviueiug hiinscl I’ that it was tho nliuosphoro of 
the nun I bo nat ure of tlio Light si ill romaiiiH more 
or lomi of a mystery. Wo do not luiow ynt whether it 
lien in Iho piano of Iho eeliplie, or of tlm aim's oipmlor, 
or between Iho two, or whetlior oven its piano may not 
oh ifl from limn to lime. It nouhih to vary in brightness, 
both aeeording to iho houhou of Iho year, and from ono 
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year to another, but the determinations of its brightness are 
usually far too vague and rough for any definite period to 
have been yet fixed for its changes. 

So that we have in the Zodiacal Light the great 
anomaly of a vast astronomical object requiring no 
observatory and no telescope for its observation ; and 
mot only requiring none but permitting nono; and yet 
to-day, when astronomy lias lasted 5000 years, wo are 
still in ignorance of many of the most fundamental facts 
respecting it. 

This is due without doubt to the difficulties which 
attend its observation. Not that those difficulties are 
in the least, insuperable, but they are very real. We will 
suppose that someone has noticed the Light for the 
first time and desires to make a record of wlnit ho 
sees. It at once strikes him that a more oyo-slcoteh of 
it is of very little good indeed ; he must place it with 
respect to the stars. In all probability most of those 
which would be naturally used to define the outline of 
the Light are unfamiliar to him. Ho' has therefore to 
have recourse to the star-atlas. He painfully identifies 
the stars one by one, but eaeli recourse to the atlas, 
winch must necessarily be examined in the light, dazzles 
his eyes for his open-air work. He finds, therefore, that 
the process of recording what he has seen is a very 
slow and tedious one, and, dissatisfied with what ho has 
done, speedily gives up the work. So that it happens 
that the names of the men who have done really useful 
work in this field may be counted almost on the fingers 
of one hand. 

Yet this difficulty can be surmounted without much 
trouble, . First of all, as I have already said, lie who 
would ■ become " an astronomer without a telescope ” 
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must learn Ium si arm They form the very alphabet of 
Hi" language whi.-l i ho lms to loarn, unit a little trouble 
spent Imre will Himii repay itself. Next, the dillicuHy 
of recording ])is ohservatiomi in the dark may ho got 
"Vt>r in several way h. If is possible lo learn l.o write 

in flu' dark with millioionl, dearness, ami such little 
dodges a ii having sola of ran In prepared, mini with linen 
made by drawing a, penknife across (Iio back of fife 
I'fi'il, ami culling if partly hut mil. entirely through, 
will ho foum I helpful. Or the nolo hook may he 
phteeil an that the raya from a ruby photographic lanip' ,v 
may fall upon if. If the eyes are carefully aeremietl 

from tlu< ilireef light of the lamp, it will lie l’miml I Imf 
Hie page limy he lighted up tpiiln HuHicicnfly lor the 
purjuiae of writing without flm tieiiHifivimenu of the 
eye fo the faint Zodiacal glow being umeli affeHod. If 
a elmrf !n ueeileil for eumpnriwm with the nky thin 
might he made by tracing tho map of the region 
mptired from Nome afar-allaH on a pioee of thin enrd- 
1 uni id ami pricking lillle holes for the alars. A lump 
nm he used hehiml the card to allow tlieiio, or a piece 
of eard pain led with Inmiuoim pain! might he plaeetl 
underneath, If a. lamp in muni, if will pvohahly he fomid 
a. I'oiiveiiience md to put the card in a. vertical jamitioa 
hefore the lamp, hut lo eoimtruef aiieli a. hox an in shown 
iu Mm accompanying diagram, A glass plain forum the 
top of the box, and upon thin flm cardboard alar-map lica. 
Within llm hox in a. mlleetor of while cardboard, placed ill 
tut angle of -15" to llm verlieal, to relleuf flm light of flm 
lamp up lo the alar-map. If a piece of tracing paper in 
now pinned down to the hip of Mm hex, llm little holes 

* A ral»y lump In monl hint'll tin thin kind Ih the euHifnt to procure, 
leit a lump of n tliu>p green would prehiiltly ho Imller. 
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representing the stars may still bo seen, and the position 
of the Zodiacal Light, with respect to them, can easily bo 
drawn. The places of three or four of the principal stars 



Fia. 35 . Illuminated Star Chart. 


must be marked on the tracing paper to serve as reference 
pomts when it ls taken off the box. Many similar dodges 

, g8 ‘ t “* °™' tWs !nitial difficulty will suggest thom . 
selves to those who seriously take up the work. 

But, it will be objected, since the Zodiacal Light is 
aeon so much better in the tropics than here, whit is 
o use of trying to observe it in England? There 

“ 8 , reat "*• f °>' example one question; the 

questiou of its variability in brightness from year to 

n a C01 ilcl be as definitely determined 

from Observations made in England as from those made 
any other single country. A careful record year by 
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year for a torm of years of tho number of clays wlion 
tho atmospheric conditions were favourable, and when 
the Zodiacal Light was well seen, seen faintly, or not 
seen at all, would soon show as to whether there was 
any periodicity in its variation, and, if so, whether it 
varied with tho sunspot cycle or not ; just as Hofrnth 
Schwabe’s record of the days when the sun was soon to 
bo free from spots in each year was quite as effective 
in determining tho sunspot variation and the length of 
its period as exact measurements of the areas of all 
tho spots would have been. In a certain sense our loss 
favourable position would servo as a kind of photometer 
of tho brightness of tho Light, and our very hindrance 
might transform itself into a help. 

Than, a more important point, observations in one 
latitude alone are not sufficient. Wo want to ascertain, 
either what is tho amount of parallax which the Light 
shows or else that it has no perceptible parallax at all. 
Then, tho degroo to which its apparent outline is affected 
by atmospheric absorption is oven more important, as 
otherwise wo cannot tell whether an apparent shift in 
its plane is real or not. For both these enquiries it is 
necessary that observations should bo made in several 
distinct latitudes. 

Tho following are tho principal points for observation 
in Zodiacal Light work. First of all, note tho character 
of the ovoning. Tho magnitude of tho faintest stars 
visiblo in tho wost should be recorded. Tho visibility 
of tho Milky Way, and tho distinctness with which its 
rifts and streamers can bo made out, would bo most 
useful for comparison. Tho evidence must bo clour that 
there is no mist or dust veil to hinder observation, and 
hero, it may bo added, that tho dwollors in towns arc 
necessarily too sovoroly handicapped to enter upon this 
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class of work. The smoky atmosphere and the glare of 
street lights are fatal to so delicate a research. 

The Light itself should then claim attention. It will 
be perhaps easiest, first of all, to map out its oxtromc 
border, and this will often be best detected by looking a 
little way from the Light; “partially averted, vision” 
having a distinct advantage for very faint objects. The 
position of the apex of the Light is very important, and 
in the spring of the year it should bo especially noted 
whether the Light eau be definitely traced beyond the 
Pleiades. There can be no doubt that that group docs seem 
to exercise a strong attractive influence upon the Zodiacal 
Light, probably apparent only, but on that account the 
exact position of the apex relative to tho cluster is worthy 
of the very strictest attention. 

The outline having been laid down, and the apox of the 
Light having been fixed as carefully as possible, tho axis 
of the Light may next be located, and this should bo done 
independently of the charting of the border which has 
just been finished. Several observers see a marked differ- 


ence between the inner and outer portions of tho Light. 
If such a difference seems to be sufficiently clear, then the 
outlines of both should be mapped down, 

The Rev, George Jones, whose observations made in the 
year 1853-5, when Chaplain of the United States steam- 
frigate “Mississippi,” are classic, not only always dis- 
criminated between the inner brighter part of the Zodiacal 
Cone, which he termed the “Stronger Light,” and the 
fainter outlying portion, which he called the “Diffuse 
Light,” hut not infrequently noted close to tho horizon 
a region brighter than the Stronger Light, to which he 
generally refers as the “Effulgence”; whilst he sometimes 
saw the sky outside the Diffuse Light as « slightly paled,” 
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Jin i! Mh> Hill uni's Light was non tinned further in a nuwli 
moro atlonuulod dogroo, Thorn worn no nlnup boundary 
lincN lifhvnm Mmso dil'fomnl, in tun si tins of light ; “ I, ho 
Nlrougor Light passed by dogmas into |,ho Diffuso, and the 
lal.fcr also gradually faded away. Yot thorn wan it) Mu* 
Innnt'i- ntso a 1 1 tiu of gmalor suddoimoHH of InuiHititm,” 
which cmthl he nuulo out, without nutoh dillmnlly ; ami 
,<u a lt*'u in its dogma wit, It tiu; outer boundary of Mm 
Mi If use Light. 

Thiti division of tdut Light into two, or ovun lour regions,, 
is mi approximation to the method of observation nvniu- 
iimnded by Mrof. ArMiur Hitiiflt;, vi/„, I, ho method of 
i ontom -liuoH. The lull or (die.* beginner will probably Hud 
tiillioull, at, llrst, though it, is a mom truly anion ti Ini 
iiioiht of observation. In this muthod a- portion of flit) nicy 
or i*| tin* Milky Way ia taken as a standard of brightness, 
anil u lino in drawn l.o represent as nearly us poHsihle tins 
positions whom the Zodiaral Light, iH equal to this standard, 
'I’ltis in work wliioh needs mueh prn.ofcieo, for it- in not, 
pomtihlu to determine tlio position of a little pieee of tins 
lino, llusn look away in order to mark it, down tut Mm 
‘■hart, mid then look bark at tlio sky to got t in.) next pireu. 
Tin* cyo will maid fimn for ratio vary after oaoh fuming In 
tlio rharl. Mnl, wlion oma* somo skill in tlio work has been 
enquired, tlio iiiofhod of eonfour-ltiies will la* found tins 
must valuable, 'I’lio extreme outline of tin* Light is in a 
hi'Iiho a contour-linn, iih it marks tlio position of Mm faint rat 
perceptible light, ; lull, tlio axis will not, 1>o u, emit mir- lino, 
for though it, marka the linn of gmntoHl brightness, yot, 
tlio axis is far brighter noar tins sun than at st. groat 
dial mien from it. Whom Mm method of oontour-limsH is 
fnllmvod, it should not ho oonfusod by linos drawn on a 
dilTomul, plan, 

Mosido tins Zodiacal Light proper, or tin* “ Zodiacal 
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Gone,” as it has been called from its shape, two other 
related phenomena should be looked for in the neighbour- 
hood of tho ecliptic. One of these, a faint diffused light 
which travels through tho heavens in opposition to the 
sun, 1ms boon called on that account tho “ Gogensehoin ” 
or “ Counterglow.” It is somewhat elliptical in shape, and 
about 7° in breadth. Tho centre and boundaries of the 
Countorglow should be fixed, with reference to neighbouring 
stars as nearly as possible whenever the phenomenon is 
seen, but its extreme faintness renders it a dillicult object 
to find at first ; though once recognised, its position may 
be followed with some dogree of certainty. It attains its 
greatest altitude at midnight at the winter solstice, but 
cannot he observed then as it is interfered with by the 
Galaxy. The end of January or beginning of February is a 
more favourable season, as it is then passing through the 
dull region of Cancel*. 

Tho “ Zodiacal Band ” is a fainter phenomenon still, and 
much fainter than tho Milky Way. It is a broad bolt lying 
along the ecliptic, and forming a prolongation of tho Zodiacal 
Cone. The Gegenscheiu is its brightest portion. 

Besides these there appear to bo vory faint iwrmtin&nb 
bands on or near the ecliptic, due to lines of vory small 
stars. One such band is noted by Prof. Arthur Searlo as 
having a breadth of about 2° or 8°, and lying smith of 
Beta and Eta Virginis, and extending from thorn nearly 
to Spicft. 

Morning observations of the Zodiacal Light are oven 
more needed than the ovening, for much fewer nro made 
of tho western than, of the eastern branch, and tho one 
series is requisite to complete the othor. For reasons 
analogous to those given above with respect to the eastern 
or evening branch, the end of October is tlio best timo for 
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look ini' l’*»r llm went era or morning branch, Ah a tlnoe- 
« in y old moon is Kiilliricnl, In kill the Li^lif, I'rom “ flm 
dark of t In? moon ” In near Uio l ull in fho limn fur watching 
the murulu}' branch; l'r*>m a little ii.TI.im* I lie full to i.wo 
days afli'i’ now ninmi for wulehiii}' the evening limneli. 
Tim (jui'Hlion um In who! her the nioon oauaes any variation 
in Mm /(Oilmen l Infill, in nlmunf im imuijioinblo one, uh (lie 
ojijiorl unities for olwevvinj-' if change wifli the protfrcaH of 
(lie lunation, The watch for file Mj'lif ahould flmrnfom 
he al way o nil item of flic proj^nimmo for a total eelipKo of 
file moon, 

'I’he Knv. (leor>(e JmieH found t.liaf fin? moon itself wan 
accompanied hy a. anmli {'low uiialo|'onn in u|»|iearaneo t.o 
Hie Zodiacal flight* Thin he fomol nliould he looked fora 
very few nimulca hefore moimrine af I he full of file moon, 
at finmn when flm ecliptic makes a liipli alible with (he 
horizon; in Kehnmry ami Mareli. Heside (hia " I'm u nr 
Zodiacal l/i|'hf " he noticed on fwo oceanioiiH, when fho 
moon who in hor Ural. quarter, and eomieqtmnl ly afill hi^li 
in fho aky al. niiudown, a " Imni-iiolur Zodiacal la^hf ” duo 
lo the joint action of liofh mm and moon ; a hrii'hf Hfrealc 
of light, that in lo nay, lying along fho eelijdie, and viaihlo 
oven in flm moonlight. 'Phe moon on one of flieHii oaenmoim 
wan 'I’,” non fh of the ecliptic, hut. thin at, leak of light lay 
along llm ecliptic, point ing not, t.o flm moon, Imf fo oim 
aide of if, 

Hueh ajipeariineeH need carefully looking for, and. if Keen, 
the moat, neduloiiH attention, to nimble flm olmarver to hn 
Him* t.liaf he in not being led away hy inmj, dilation or hy 
Homo purely local elTeef, ijuife dineoimeeted from Mu? aoluiil. 
Zodiacal laglil. Ho, too, (lie pulsatioua noticed hy Humboldt, 
.Jonea, and otlieiH almuld ho watched for, Tim latter writes 
of them very eoutideiilly, and ia convinced that- limy are not 
a mere phyniologieal effect. lie doHeribeH them tliUH:— u Tlw 
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olmiitfch won it. nwellino onl. lafcrnlly ami upwards of flic 
Zodiacal l/igltl', with an increase of liriuhlness in I ho l<i|>hf 
it ^4*11" ; Mtot, tit a, few minufcH, n shrinkim? had; of the 
boundaries, and a dinimiiif{ of the liiql'f ; flm Infler In such 
it. decree an It* appear, ill, fiiuea, as if it was living 

li, way | itml no back and lorlli lor about. I It rt**’- 1 1 1 ut rl itm of 
an Imur ; and l.lmu a chantfe nlill hij'her upwards, to tiunc 
pormaneiif bounds.” 

Tim hesl. ill las for flic sl.lldy of Urn Zodiacal Iiiqlif in the 
“ Allan ( lo'lesfis I'lelipt ieiis " ul' I Inin, |»nl *t iolno l ut. foloqne 
in I H7H, mid nonfuinintf flic zodiacal stars in »*i|>;ht- disrls, 
drawn to overlap each oflior widely. Thin it tin n in not. In 
1 m confounded wil.li Hein's jifcnoral star-alias, Iho "Alins 
{jodoslis Noviis.” The positions of the horizon-lines for 
ilifforonf limes and lulifudes urn ninrlicd on I In* borders of 
Min churls, which will ho found a jp'cal convenience. 

Keen eyeia^hf, pafienen, and a. small nlar-iil las arc, it will 
he Been, all the ci|uipmonf fhuf in required fur Zodiacal 
Light. work. Tho desiTipfioii o! I In' work ma y not ncm 
in v il i nj-V, yd' when oueo if in la, ken tip, fho looking l>»r fhnl 
strange, heaiilil'ul, ynf fa,inl. and elusive glow will he filial 
full of intonmf, and flic more il h peculiarities are follow. nl 
up, the morn will I, lie sense of ifs mytilerioUMiiesji he ivali/ed, 
and file greater will ho flie desire to eoiilrilnilc comd liiug 
which may explain il,H secret,, 
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Tim; ninth - of imrana him uni'll nuimhlnrahly iiini'ii prapmai 
limit I lull ai Hit* XiMliimtl liifjht , ami unvaml rtifikhijj 
iitrls In tlium Imvn ulivinlv nraivml sulliuiaiil. 

ilnmuiml riil.iau, 

Thn puinf.s which Imva hccu cstnMirihnl arc ul' frrnaf, 
impui'lmint. h'irnl. i*i nil, wa Kuaw Mini I luni^h , ntrirl-ly 
npi.Niliin;', mrliMiroh);p<‘nl plirmmirnit, aurnrm Imvn a chmn 
udnmamical cnnnccl ion, Thny vary in nmnlicr an oh- 
iinrvtM i in any f'ivi'ii locality in aicnnhiuco wil.li Mm 
NUlinpal. cycle, Mare l hull I hul, they lire ovhlcnMy in 
I ho i-hiMcal. Hvmpaihy wit h Mm dim urlmmcn which tal<n 
phiiM* in t**iTi':it rial imifpii'liam. 'Pliny urn pnmiicnlly mm- 
ntunimnil. in Kiitfluml at. Mia mumpal, mininmm, hut, 
liccuino mmv t'h'ipnmt, mi mumpaU hocainn morn mmmrnnii, 
iviiahiii}' a inns i mum almnt Ilia tiiun af ilia {'raatani milar 
imlivily. 

An mni I uhnarviiliuii ilmunmlH, ln*nitla pom] ayani^lil,, 
im nlmt'rvin|f ntaliau rninatn I'ram Mia j.jlara ni I.oiviih 
ami iii'lifiaial li^litti. Thn atarioH ara cnuiiiion aimu^h ai 
ilia oiifpnoM ItaitiK Mmmd out. to f|Uoimh an aiirnra, ami, 
an Ilia at liar hnml, it. him nnl, Halilain happened Mint, 
a vary mumlaiia aaullnjp’aiiaii him punned muni, or im* a 
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■ u celestial display.” “ In the Memoirs of Baron Stockmar 
an amusing ' anecdote is related of one Herr von 

Radowitz, who was given to malting tho most of easily 
picked up information. A friend of tlio Baron s wont 
to an evening party near Frankfort, where he expected 
to meet Herr von Radowitz. On his way lie saw a 
ham burning, stopped his carriage, assisted the people, 

.•and waited till the flames were nearly extinguished. v 

When he arrived at his friend’s house he found Herr 
von Radowitz, who had previously taken tho party to ... • 

the top of the building to see an aurora-, dilating 

on terrestrial magnetism, electricity, and so forth. 
t Eadowitz asked Stockmar’s friend, ‘Have you seen the | 
beautiful Aurora Borealis?’ He replied, ‘Certainly, I 
was there myself; it will soon he over.’ An explanation . yi 
followed as to the ham on Are. Radowitz was silent, 
some ten minutes, then he took up his hat, and quietly 1 ;.: 1 ;.' < 
•disappeared,” 

Granted the suitable position the most important con- 


sideration for the student of auroroe to hoar in mind 
is the absolute necessity for keeping as systematic} a . : ^ 
watch as possible. The general agreement between the 
| cycles of sunspots, of magnetic variation and of aurora} |j|f| 
is clearly established, hut there are many questions 
• wising as to the connection between their minor fluc- 
tuations. How the observation of the magnotio elements 
is perfectly continuous.; Self-recording, magnets are sot 
up at many observatories, and supply us year in and 
year out with an unbroken register. Our record of the 
state; of tho sun’s surface is practically continuous also, 

1 it from tho nature of tho case aurorae ' 


•• ; 


■esented in the same manner. The ohroniolo is. broken 

intervention of cloudy nights. It is weighted 

ta§£g Mm ; : 
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by the difference in length oi' darkness between winter 
and summer. Eiirlher, it in difficult. to express our 
auroral observations on a perfectly uniform numerical 
Hcalo. Olio year may have a poor record, oithor because 
aurora) worn actually ran;, or because tho observer was 
romiss or tho wcathor unfortunate. Another year may 
present a fallacious appearance of abundance simply because 
tho observer was more diligent, or more lucky in the 
circumstances of his observations, In a word, tho accidental 
errors of the work are large, and it therefore becomes tho 
first duty of the student to keep his own personal part in 
tho matter as systematic} and as free from accident as lie 
can. 

This is tho first essential, and the observer therefore 
should draw up a scheme for himself for the examination 
of the sky at certain definite hours, and for certain fixed 
intervals, to which he should adhere with the greatest 
possible regularity. Tlteni is no need for him to make 
any great inroad into the ordinary hours of rest, ns tho 
meteoric observer must do, or that his watches should bo 
very prolonged. It will ho sulllciont if they ore perfectly 
regular. 

It iH much to be duBired that auroral observers should 
bo scattered ns widoly as possible, that wo may bo able 
to present not merely tho auroral conditions for a single 
plaoo, hut for tho ontiro planet. It has already boon dis- 
covered that aurono are most froquunt in two '/ones, ono in 
tho northern and ono in the southern hemisphere, and that 
those zones shift their position with tho progress of tho 
cycle. In mid-latitudes, as in England, aurono arc most 
froquont at the time of the sunspot maximum. They 
retire polewards as the sunspot frequency doolinos, and 
are most froquout in high latitudes at tho sunspot 
minimum. The plaoo of tho observer, therefore, is not a 
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matter of indifference. A broken record in Ungland 
cannot bo pieced out by observations in llto tthotlntulH «»r in 
Iceland. 

But tins v ill no of n regular system of olmorvalhuiH 
carried on at a single station I'm* ninny miecesHive yarn 
iB very groat, anil wo cannot have loo many olmorvnrH in I bo 
Hold . 

Aurora) differ ho widely in their ehantclor, Unit some 
sort of analysis of tlmir loading forms is necessary in order 
to impart dolinitonosB to records of thorn, The lollowing 
Bchomo in duo to the lain Mr. J. Rand ('apron, i>\u.a.h,, ol 
Guild ford* ; — 

1. Tho glow may bo either entire or in patclira, nml yellow, volt, 
gvocn or while, us tho wise may bo, or with tlioHii eidourn mingled. 

2. An aw. or avow, Homotimiia vertically, or multiple hommilully, 
forming a low bow or bow« upon tlio horizon. 

3. An ovenly dark uptieu between tho are mid the horizon, mm- 
unlovably ihirker Ihftti tlie »ky nhovo tho how. 

4. Bright rays, Htmimern, or corummi ions, eon lint imm or in groups, 
Blurting from above, and mmuithmw below, the lire. 

5. Transverfio, horizontid (i>v nearly mi) HtreiunerH, or rays, crumiing 
thoao thrown out from the live. 

(}, Apart from the are, htreumeru, or rays detached, or in gmiipa 
horizontal or vortical, which latter, springing from 1C. and W., Home- 
times form avelicB uniting in a luminous point or ring, calk'd the 
eovona (offoct of perspective). 

After tho more fact of an auroral display lias brim recorded, 
tho following details should bo noted : — 

1. Tho time and duration of tho aurora, 

2, Tho position and extent of the glow. 

it, Tho position, height, and breadth of the an; or arcs. 

4 The streamers or bright; rayB should bo catalogued, 
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as to tlioir amoral appearance, positions, length, and as to 
whether they are curved or straight, 

f>. The colours throughout the aurora should ho noted. 

(>. Any movements of! the h l reamers and the direction o£ 
such movements, 

7, The direction and speed of pulsations and their 
character; whether they are, running sheets of eontinuous 
light, or finer patches, which become mere luminous in rapid 
succession, 

8. If the aurora is seen during a calm, sounds should ho 
listened for, and if suspected, the observer should be most 
particular to ascertain if possible whether they can bo due to 
any causes in his immediate neighbourhood. 

An important detail in auroral work is the fixing of the 
position of some specially bright point from two or three 
fairly distant stations with a view to the determination of its 
height. This can obviously be best doin') by rofereneo to 
the stars if many of these are visible at the time. It 
would, however, be well to have tit hand some rough and 
ready means for obtaining the altitude and azimuth of any 
given point, and for this it would be easy to mako a sort of 
rough wooden theodolite or altazimuth, with a bar carrying 
a big easily-seen pair of sights upon it instead of the 
telescope. As the auroral flashes come and go so quickly 
the time of any such determination must be taken with 
jealous exactness. 

The rough altazimuth described on pages 1 110 and liil, 
and shown in the diagram on page would serve very 
well for this work, but the pinhole tube should bo replaced 
by a tube specially designed for auroral work. The eye-end 
of the lube should be elosed with a cap, in the centre of 
which is a hole about half an inch in diameter; the object- 
ion! of the tube should bo not less than ono-l'ourLh the length 
of the tube in diameter, and it should be crossed by two 

v 2 
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wii'OH ill. right to oaoh ■ »i I »• *r . Tlm •" wir.-t !>li'*nl<t 

lio (Ixinl ill u rollin' no that limy on it (uni r.mml m Hi" 
tubo, iunl tlio rollin' uhmild bo «U\ i*l»ol ini.. dogi.-o'i ■ > ib.it 


A 


Fid, ao, — T uIh* for UliBi'i'vntiim of Amoi'ir. 

A, ll tin* ) II, I'l'oilii ivlivn (it. iiMt'l't-iilhl i I", i;)in1iiiili.i| i it. li’ .0 .'I'!' - . I .ill, I', 
iij'd-llnln | K, Kliulmtl. il mi'itli' til i-j" i»i<l i I ", ill.»i(.oi,il »>■ i t * .u in t mm, 

1,1m pomtion aiigin of tlio wiron may In- road «•!!. An uuvmm 
froijimntly attain (pout. Imiglila, pudding oivn Ummoh ibo 
zimiUi, it in a dnridi'd iuiprovonmut if, im.toail ••!' Iiu \ in .i* 
tlm oyodmlu in 1.1 in n.xia of llm tulii', a Miiall mil no i>. 
intrndimud and lixod til an nnglo of -I to mi l<> i-lloH 1 1 
light of tlm in mil'll, up In it Imln in (In* aido of tlm luito in 
llm iimn nor of a diagonal nye-pmon, Tlm ovo-lndo nml f l«< • 
miri’or might ulno lio niudo lo rovulvn, ami in Him ru'.r l|m 
oyo-imd alno kIiouIi! bn uiarhrd with in Ho’ imiuimr 

of a jamil, ion oirrln, 

Tim valim of having tinum nmumi ahvayn at baud, limy 
ovor rough, for dutoriuiiiing llm | n »~.it >it of an mnoial 
bourn, logothor with llm imnil for ivya.otnoj.it in .•iviit|.v 
Um linm of tlm olmorvalinn, wan woll illm.t tnlod 1 »y Him 
muarluiblo auroral Imam of 1 HH; 1 , Novimilmr IV. A 
groat HUtiHpof, tlm lurgost viaiblo for olovon yo;u'<t, waa 
nearing tlm irontral nmridian of llm m«htt dim-, Tlm 
ltiagiml.H, wliinli liatl Imnn uimiiay from llm tinm of 1 1 , M 
(irhl. appoumimo of tlm a|»of at Um oanl, limit, |i, fJ . im t,, 
bn Hoizod with Um moat, violont I'unvulainiui ab.ntt. t sv>> 
hourn boforo noon on tlm 1 Vtlt, llm diatmlnmon hiding 
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till (! o’clock tjm following morning. “ Strong earth 
currents were also observed at all the times of magnetic 
disturbance, varying in magnitude with tin) intensity of 
tin) magnetic, changes, and the most violent electric storm 
recorded for more than thirty yearn swept over Muropo 
and America.” In sympathy with these muni i'es tilth ms 
a superb anrinul display was witnessed on Iho evening 
of llm 17th, hut by far the most unique and striking 
phenomenon occurred “at. about (i p.m., when a bright 

beam of light rose from the eastern horizon and passed 
majestically across the sky in much the same mariner ns 
any ordinary celestial laxly might do, hut with several 

hundred times their rapidity.” Home twenty-six obser- 
vations of the phenomenon were, eolloolod together by Mr. 
Uitnd ('apron, but most of these were very incomplete, 
and their dismission was therefore attended with much 
dillieulty; yet, imperfect as Iho observations were, they 
seemed to show with eonsidemble probability that the 
height of the beam was Mill miles, and its speed about 
10 miles per second. Tim direction of its {light was 
from east- to west, magnetic, not geographical. Mud three 
or four of the observers but possessed some simple 

means for measuring the height of the beam at its 

culmination and the azimuths of its rising and setting, 
the precision of these conclusions would have been greatly 
increased, 

The same charts that are useful for meteor observa- 
tions may very conveniently be used for aurora), the 
positions of the streamers or of the auroral crown being 
sketched in with reference to the stars. In all the work 
the llrst thing to be aimed at is to make iho record 
us definite its possible. It is here that Iho diMeulty of 
auroral observation is most felt, They ti/rn beautiful and 
impressive an spectacles, and the student will need no 
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instruction in the propamtion of his general descriptions. 
But to pick out the particular phenomena to which the 
dcsirablo amount of definiteness can bo ascribed will require 
practice. 

From time to time curious beams of light are seen iu the 
sky, the exact naturo of which it is diflieult to determine. 
Thus on March 4th, 1890, a curious light was seen stretching 
up from the horizon towards tho Pleiades, which some 
observers wore inclined to regard as auroral, some as the 
Zodiacal Light, and some actually regarded as being oometary. 
The fact that an unmistakable aurora was seen the same 
evening pointed strongly in favour of the auroral theory. 
On the other hand, as its direction coincided nearly if not 
precisely with tliat of tho axis of the Zodiacal Light, and aw 
similar beams have been seen in tho same position on other 
occasions, the question cannot he regarded as absolutely 
decided. It would be a raattor of tho highest interest could 
it bo shown that certain definite regions of the heavens wore 
subject to recurrent Hashes, and a earofnl collation of 
observations made at widely-separated stations would soon 
settle as to whether wo should regard them as auroral or 
zodiacal, and could not fail to increase our comprehension of 
one of the other phonomouon. 



CHAPTER IV. 


Tun Milky Way. 

Tiie short nights of midsiunmor <lo not in gonoml give 
much opportunity to tho astronomer. But in summer and 
autumn tho most wondortul of all coloslial objects sbrctehoH 
itself across our English zenith and swoops downwards to 
either horizon. This is that 

“ Hmul and ample roiul whoso (lust is gold 
And pavomonfc stars, as stars to tlioo appear, 

Soon in tho Galaxy, that Milky Way, 

■Which nightly as a (rivaling zone thou soosfc 
Powdered with stars.” 

Its swoop at midnight in mid- July in from tho north- 
eastern horizon whore tho constellation Auriga is just 
rising, through Parsons and Cassiopeia on to Cygnus 
in the zenith ; descending again on tho other wide 
through Afpula, Sorpons, Sagittarius, and Scorpio to 
tho horizon in tho south-west* It continues to cross 
‘ tho zonith at midnight until mid-December, when 
it swoops upwards from the south-eastorn horizon in 
Argo, between Orion and Comini to tho zonitli now 
marked by the constellation Auriga j from whonco it 
passes downwards through Pcrsous and Cassiopeia to 
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tlio north-west horizon whore the constellation Cygnus 
is setting. 

Tho Galaxy is no modern discovery. Ptolomy of 
Alexandria has hiuulod down to us a very full and 
precise description of it, and. it lias caught tho attention 
and stirred the imagination of races oven as savage 
as the Australian black fellows. It has beon thought 
of as tho road, way of tho Gods by which tlioy 
passed from thou’ halls of otornal light, when tlioy 
wished to visit this nethor world of ours ; or it is 
“ Die Jakobsstmsse,” the mystic ladder which tho patriarch 
saw in his dream at Bethel, up and down which the 
angels moved, 

Ptolemy and the Greek astronomers had recognised 
two leading facts concerning it. Ono, that it marked 
out a zone in tho sky, tho centre of which was nearly a 
great circle 5 the othor, that it was not equal and 
regular everywhere, hut viiried in different regions, in 
breadth, in brightness, in colour, in distinctness, and 
especially that in some places it broke up into two 
distinct streams. So much therefore was known about 
it long before the invention of the telescope, and 
though it gives to our greatest telescopes their most 
gorgeous starliolds, though in some portions ,it still 
dofios tho efforts of our most powerful instruments 
fully to resolve it, though its characteristic formations 
are only brought out when we are dealing with stars 
far fainter than can bo Individually detectod by the un- 
aided sight, yet tho Milky Way as a whole is essentially 
a naked-aye object. 

Tho dwellers in cities and towns, smoko- veiled and 
flaring with arc lamps or ineandoscimt lights, must 
abandon all hopo of a really intimato knowledge with 
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the delicate structure of the Milky Way. But there are 
many and many stations in this our island — lone country 
houses, littlo villages — upon which the stars of the short 
dark summer night will shine down like silver points 
set in ohony. The faint twilight, visible all night long 
above the northern horizon, will not interfere with the 
darkness of the zenith and the south, The evasive moon 
recognizes that the season belongs of right to her more 
powerful brother, and either does not show herself at all, 
or timidly skirts the south as if anxious to escape notice. 
So though the summer hours of darkness are so few, suffi- 
cient of them may bo utilized for so delicate a study as that 
of the Milky Way. 

As the year advances the opportunities for the work 
increase. The nights lengthen and tho Galaxy still crosses 
the zenith at midnight until December is far advanced. 
It is therefore very favourably placed for observation at 
almost any hour of tho night during tho months from 
August to November inclusive, and as we enter the now 
year tho evening hours may still bo devoted to it, though 
it passes into a less favourable position for the small hours 
of the morning. Tho worst time of tho year for its obser- 
vation is midnight at tho end of March, aud by consequence 
the late ovening hours of April and May, and tho early 
mornings of February and March. 

Tho reason why it is so pre-eminently a naked -eye 
object is easily seen. Tho field oven of a comet- seeker 
or any other telescope of wido field and low magnifying 
power deals with an inconsiderable fraction of tho whole 
sky. It is impossible in tho telescope to mark out the 
boundaries of the Way ; to see whore it radiates and 
divides; where it reunites and condenses again. It can 
only ho examined piecemeal, a very small fraction at a 
time— -“tho wood cannot bo seen for the trees.” It is 
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nccoHHJtry, thoreforo, if wo are to gain any adequato know- 
ledge of the structure of the Milky Way as a whole, that 
vyo should supplement- telescopic ami photographic examina- 
tion by the most careful and thorough Bern tiny with the 
uims.Hist.ed Bight. 



Ii'm. !17. — (k KuhIoii. 


This is astronomical work of a high order of importance 
which Inin been very seldom adequately attempted ; indeed, 
il is not too much to sav that it wan not until the 
middle of Urn nineteenth century that it was first seriously 
under lake n. A. few distinguished names then occur us 
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centre, and which ox tends from tho bordors of Oophous 
to those of Aqaila. Hero begins that groat rift in tho 
Galaxy the interpretation of which is so essential to 
a true understanding of its meaning. Hero too are seen 



!Fia. 38. — Tho Milky Way in Oygmis. 

Prom Mr, 0. Enstoii'a " La Volo Laotro.” 

numerous crossways and side-rifts, not so oasily caught 
as the main channel, hut which will ho detected as the 
observer gains experience and shill. 
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As to iho actual method of observation, the first 
essential i« that the observer should be screened from 
all interference by artificial light. I tore comes in the 

same sort of difficulty that is experienced in drawing 
the Zodiacal Light, u difliculty to ho overeoino in much 
the same mannor. (first of all the observer must learn 
thoroughly the principal stars of the district which ho 
is examining ; then perhaps the easiest method is for 
him to dictate to an amanuensis, close at hand, hill 
the light of whoso lamp is perfectly shielded from the 
observer, Tho latter then might describe the course 
with respect to the leading stars, of the various rifts or 
rays, and at the same time should add estimations of 
tho relative brightness or darkness ofj each respectively. 
Another method would he to carefully plot tins stars 
down upon a sheet of paper beforehand, which paper 
might bo illuminated by a very faint ruby light, like 
that used in a photographic dark-room; and tho out- 
lines might bo drawn on the paper with reference to 
the h tarn by Hh means. Tho l ! ght itself must of course 
he arranged to shine only on the paper, not on tho 
observer's face. It is possible that a card covered by 
luminous paint might also be useful in this work, but it 
is not a device which I have myself employed, and I 
think it would probably dazzle much more in proportion 
to the atmount of assistauco it gavo than would the taint 
ruby light. If the luminous paint is used, I should, he 
inclined to recommend either that it he used under a 
card in which holes have been punched to represent 
tlm stars, or under a sheet of ground glass or tracing 
paper or cloth on which tho stairs have been indicated 
by black dots. 

It in the examination and representation of the details 
of tho Milky Way which form the work which requires to 
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be done. Xts general shape and direction are sufficiently 
well "known. In particular the faint streamers and exten- 
sions which branch off from it, and some of which are 
•very far reaching, need careful study. 

Beside the detection of the shape of the various details 
of the Galaxy, their relative brightness needs to be 
recorded. This will he best done, no doubt, by a strictly 
comparative method. Bet two areas be chosen, the 
positions of which have been first defined with reference 
to neighbouring stars, and record whether (urn a is 
brighter, equal to, or fainter than area 6. Further, when 
experience has been gained in the work, it may bo possible 
to make a numerical estimate of the difference in bright- 
ness between the two areas. Naturally the areas to be 
compared will be chosen of not widely differing brightness. 
In this case, if they are so near equality that one is only 
just perceptibly brighter than the other, or appears the 
brighter of the two a little more frequently than the other, 
as the observer turns his attention to and fro between 
them, the difference might bo expressed as one step, and 
the observation might be written as follows : 

a > b, 1 . 

A slightly greater difference would be represented by 2, 
and so on ; but it will be undesirable to make a comparison 
involving more than four or .five stops. The comparison 
must not he made by attempting to bring the two areas 
into view at once, hut by looking backward and forward 
several times from one to the other, that the same part 
of the retina may be employed for both. The time of 
the comparison must also ho noted, so that the relative 
altitude of the two areas may be supplied later. So far 
as possible, of course, areas of about the same altitude 
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will bo co m pared together, as the effect, of atmospheric 
absorption is exceedingly noticeable on faint objects. 

As regards the kind of night upon which the Galaxy 
may be studied, Mr. Gommill gives a hint, well worth 
remembering ; “The best views I have had of it havo 
generally been in the breaks between showers, in the spaces 
separating heavy clouds drifting before a light wind.” It 
is not at all necessary that the heavens should bo clear 
from vorgo to verge. Tho work to bo done is the examina- 
tion of tho details oC the Galaxy, and portions of it are 
often displayed with unusual clearness under tho above con- 
ditions. Mr. Gemmill adds: “A still dark night, following 
upon a windy and showery day, affords sometimes tho best 
opportunities. Jhit it is certain that the opportunities will 
be found— if watched for.” 

Tho beginner should bear in mind that though tho 
astronomer's rule is to note, that is to record, whatever 
shines ( quicquid nit fit noiaiidum), nevertheless that ho must 
learn to see before he can record. Tho careful study 
therefore of tho chosen region of the Milky Way for two 
or three nights before any drawing is mado will not bo 
thrown away, and it should not bo forgotten that faint 
lights are best soon, not from the centre of tho eye but 
from tho side, by “ averted vision,” that is to say. On tho 
other, hand, directly the observer feels that ho is beginning 
to get some acquaintance with his subject ho should begin 
to record, Tho first attempts will no doubt cost some 
effort, and may prove disappointing, but skill in delineation 
as well as in detection will come with practice. 




CHAPTER V. 

New Stars. 

Tin? appearance of a “ now star ” lias, in all ages, been 
folt to bo an impressive occurrence. The constellation 
groupings itro so permanent m thoir character, that to see 
of a sudden some old familiar pattern amongst the stars 
changed in its features by the sudden appearance of a ljjiv 
member, a star like the other stars and not. a planet, 
for its plaeo undergoes no change — is so at variance with 
our ordinary experience, that it is no wonder that our 
forefathers regarded such an event as partaking of the 
supernatural. In the timos before the toloseopo— indeed 

wo might go further and say in the times before the 
spectroseopo — such an event brought no information with 
it. It was impressive, it oxcitod curiosity, but it convoyed 
scarcely any lesson. The spectroscopic examination of 
“new stave,” on the other hand, lias boon extraordinarily 
fruitful, though wo are very far as yot from being able to 
fathom the exact meaning of the facts which wo have 
observed. One thing is clear, namoly, that bodies appearing 
so suddenly as “new stars” have always done, and fading 
away again so quickly, must differ entirely from the great 
host of permanent stars. And yet wo cannot but feel that 
the changes through which a “now star ” may pass in a few 
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wool; a, anil tin' ni'ilnr in which liman rhan^na imoom.nl oimlt 
other, imiv ill row miu’h lii'ht upon llm olmii|pw which 
lutvr nmrlii’il in tin* ['mil, * m* will mark in llm fill urn, llm 
lilV-hinlorv of III*’ nmia lilaltla nmmherM of llm Imnvmily 
|„,*ii. ||, is tliia llioiij'hl wlufh mnhiM llm watch for " imw 

Hlara " ,.f mmli imporhiun'. They "UVr lo mi n low, which, 
however imperfect , in tin' only mm which wo nut Impn lo 
f i } i « 1 (o unloch llm of nldlur evolution. Ami 1 1ml, 

tlm *■ now a! ni' " may v«* us llm fulled i it h tv inn, I ion 
within itii jioWi'V, it. in ennential I lint, it hi* inihjeeteil lo llm 
nefutiny of tlm tiprdnnmope whilnl it a li^hl. in til i 11 on llm 
ineivune, Tlm ini|mvtnm'i' therefore of a nlviuip'itl watch 
on tlm ImavoiiH tloi'.*t not lio til all in lint c i'hil wliich will 
justly all tii'li to llm oleierver who in forhuiuto miou|'h |o ho 
llm Ural, to ildoal. a nlollav oulhitnil, lml in tin' mtpromo im- 
portance that- not one ot tin* lt*w nltovl, lioiivn iliirinp which 
tlm at m* 1 it li|'lil in on llm upKimln may lm unimeeminrily 
Wltull'll. 

, Such wnlt’liiiii; in tml fm* tlm annual nln,r-f'n/,er, nor for 
tlm tliltfftinh' who Imn never lulieu tlm tronhlc to nimili'V 
tin' ittiir-K»'<m|hii|^' ami llm coining ami 
pluimln. Tlm jilaimtn *oi| mm'iu 11 v am nail fowl to mmh tut- 
ijitalilicil unjiirantn ; ami junl an llm "thah" Nolmln, 
Piaermpo, ami even llm Pleimh'M, have ttunl many eit|{i'r 
conii't,.|nuili'Vii in lml hade to claim a cmiiel ttmilnl, mo Veinut, 
Muvm ami Jupiter liavn iimpiiml hiimlnnlii of Id, I ora In 
ohunwatoviim or to nownpapera to draw allentiou to "llm 
wonderful now nlar," Oim of tlm mod autumn}* timlaneen of 
tlm liinil wan wlmit Mm dincovoior of I ho pneudn-jdauet. Vulcan 
announced to tlm Pavia A cadent h* 'Ion Sdoui’en hiw dbienvery 
of '* a ntranjp' object, in Imo," which proved to Ih» jio otlmr 
! hail Urn planet Saturn. 

Tlm Unit duty, therefore, of llm watcher for " now Marti " 
in to worls nlnwly, Meudily, ami nyMenmlmully thtani^h 
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the constellations till ho has made himself thoroughly 
acquainted with the appearance, brightness, and position of 
their every member. Whom ho lias done this, then night 
after night it will bo his taslc, whenever the skies are clear 
enough, to carefully scrutiniso all the stars within his 
view" The labour will be great, hut it must be borne in 
mind that such acquaintance with the heavens and such 
regular scrutiny of them are necessary for all the varied 
brandies of “ Astronomy without a Telescope,” so that tho 
watch for "new stars” may well he incidental only to 
other lines of work. To bo the discoveror of a “ new star ” 
renders an observer rightly famous, but as the experience 
of the past fifty or sixty years shows that we cannot hope 
to record a discovery of the kind more frequently than 
once in nine years ou tho average, it is clear that it ought 
to he made subsidiary to some move fruitful lino of rosoarch. 
Tho systematic eye-study of tho Milky Way is particularly 
a form of astronomy which might bo combined with it ; smeo 
it is ou tho Milky Way, or oil its branches, that nearly all 
the Now have been found, as the accompanying diagram 
(Pig. 39) will show. 

• The most famous of all “ new stars ” is, of course, the 
One which appeared in the constellation Cassiopeia in 
November, 1572, and which is always associated with the 
name of Tycho Bmlio, sinco, though ho was not actually 
tho first to discover it, ho has left us tho fullest and most 
systematic observations of it. It was lost to sight in 
March, 1574, after having been visible for seventeen 
months. Thirty years later another "now star” appeared, 
only less famous than the Nova of Cassiopeia. This one 
was also observed for seventeen months, and is always 
associated with the name of Kepler, though its actual 
discoverer was not Kepler himself, hut one of his pupils,. 
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John Bronowslu. Its position was in the right foot of 
Ophiuchus. 

No such In’illiant Noviv as these have been soon in more 
recoil t times, since both stars wore reckoned, when first 
soon, to be brighter than Jupiter; indeed the star of lb72 
ranked as equal to Venus when at her greatest brilliancy. 
Tho first of those noted in modern times was, like that of 
1(504, discovered in the constellation Ophiuclnis. It was 
detected by Mr. Hind on April 28th, 1848, and was then 
increasing in brightness. Hour days later it attained its 
maximum, which only ranked it of the fifth magnitude. 
Tiie second star of the list was discovered in the globular 
cluBtor 80 Messier, which lies between Alpha and Beta 
Scorpii. The third was detected by Mr. Birmingham at 
Tuam on May 1.2th, 1800, when it was recorded as of the 
second magnitude. It may he doubted, however, whether 
this star is quite of the same order as the others. It had 
been observed several years previously as of magnitude 
9 } it and it still remains visible, boing now classed as a 
variable nndor the name T Coronro. Still its outburst must 
have been very suddon, for Dr. Julius Sclimidt, whose 
acquaintance with tho heavons was of the very closest, 
declared that about two aud a half hours previous to Mr. 
Birmingham’s discovery, ho had tho constellation of the 
Northern Crown under his observation, lmt had noted 
nothing unusual. Tho next discovery was to fall to liis own 
lot.’ On Novombor 24th, 187(5, ho found a third magnitude 
star had appeared in tho constellation Oygnus. This star 
rapidly fadod away, and was only of the fifth magnitude 
on November 80tli. Its spectroscopic history was of intense 
intorost, for, by September, 1877, tho light coming from the 
star was almost entirely monochromatic, and corresponded 
.with that which would bo given by a planetary nebula. 
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Tin* noxl " muv alar," iliamvoivtl imln|>i’mlnntly by it 
I’uimhlomMo numbor u|’ nlmorvora in Annual, iHHa, wan 
net ually invulvi'il i n a noluiln, t lit* oroa.1. nolmlii, of Amlro- 
liU’iln, utnl wus (•!<»:«> I<> tlm n u« , l«*n h. Thin wan wholly a 
1 1 • 1 1 * ?' i ' •T'*' iVoro, ami mIihm.i flint lium novoral nl h**r 
Nui'i’t' liiivc boon iljiii'iiviMril by iimuim of tlm ] >ln »l < i^ntpllio 
♦'hurl a wliifli havo boon inmln ill tin’ Ilni'Vtinl Oollopo 
< Hi.ii’rvtilni v, or nt ilu nuulln'i u nnnoxo nl A v<*< [i it f hi , I'itii. 
Hilt two A to Vi' IlilVo Im'i’Ji iloli’i'li’il hivmlnn I luvii', both of 
wliioh won* imhoil-i’Vi' objiylti, nii'l tin’ hintory of llmir ilia- 
I'ovorv in ill tin* lii};ln*n|. ilooivo rin'oniii|;iut; urn I innl rurl ivo 
for Ihn “ tint rononii’r without a I «*I««:h , *»|m». '* On l , \’hnmr > y hit, 
|M1*«, mi iinoiivnioMM jio.it I'lii'il wint t'i , i , "ivi’.| by 1 )r. l 'o|u>liiinl 
tit tin* Koval t ) l mi >r vit lory, Ktliuburi'h, with lln> following 
ilimottlin’ini’lit ; 

" Nova in Ami:;it. in Milky Way, ttbottl. two ilo|rnnm 
itoutli of v Anrii'iu, jin’ri’ilm;; :.!b Auriitiu, Kiflh hmniiilmto, 
nlitjhlly bright nr tlmu v." 

That tliulit llio ntnr wan i'miiim notl by iiH’ium of mi nyi'* 
jiii i'o jirinm nl lln* I’Minbui i’ll t tbnorvulory, unit ilit sjotI rtint 
wint M’i’ii to routii in many v i v i« I Ini;-, lit I i ties, wliioh u|. 
mu'" nmrlo’il it un a "now i.inr” of n|inn.i rnaro|oi’ inti’ivnt, 
Hot. inferior to tin’ oin< whirl) h.nl nunlo no j.jir it it tn-imul ioit 
in I Hi it!. Ami tin* initinijiiit iou«t wliioh that llr.nl /{limno 
i;avi’ wi’ro umi’h moio limn follilli'il. Imlooil, Nova Ativif'm 
tijionoil mi ml iri’Is now t'lmjiti'i' in llm njn*rl r<mi*ii|iii< nlmly 
of nlar.'t of it it ohum ; but mn'h ntmly in u|i;ul from our 
juroaonf ] mi r| oi«o*. wliirh I’iumol bn lii’Uof ful lillml than by 
tpiotiiif' tho am ount (’iv«*n by tlm tlim’ovoror, I ho Kov, 
Tlioiiimt {», Amli’inon, in u joltoi' wliioh u|i|>ouivil in Nahtiv, 

I’Vhiuitry l nth, iM'.ii! : 

*' 1*0 if, < ** i|>olu in I linn ii 1 1 jt(i "(ifi’il to urn that an 1 itm I to’ wntrr of 
tlm iiMntiytmimt |nnl nwil nnmf t.mml by you n lot lni(f)tl, linn |ji, Sb!n), 
I f’hiHihl li'll yum’ vi'iolcr* whnt I kh<>w itbiml Ito • Nnvn, 
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*' Ifc was visible as a star of bho fifth magnitude certainly for two 
or threo clays, very probably oven for a week, before Prof. Cope- 
land received my post-card, I inn almost aorta in tlmt at 2 o'clock 
on the morning of Sunday, bho 24th ult., I stuv a fifth magnitude 
star making a vary largo obtuse angle with P Tauri and X Auriga), 
and I am positivo that I saw it at least twice subsequently during 
that night, Unfortunately, on onoh occasion I mistook it for 
26 Auriga), moroly remarking to myself that 2(5 was a much brighter 
star than I used to think it. It was only on the morning of Sunday, 
tho 31st ult,, that I satisfied myself that it was a strange body. On 
eaeli occasion of my seeing it, it was brighter Hum x. How long 
before tho 24th ult. it was visiblo to tho nnkocl eye I cannot toll, ns it 
was mauy months Binco I had looked minutely at that region of 
the hoavons. 

" Von might also allow mo to stato, for tho benefit of your 
readers, that my caBO is ono that can afford encouragement lo oven 
tho humblest of amateurs. My knowledge of tho ioohnieivlities of 
astronomy, unfortunately, is of tho most meagre description} all 
tho means at my disposal on tho morning of tho 3 1st ult., when I 
made sure that a strango body was present in tho sky, wore Klein’s 
‘ Star Atlas ’ and a Binall pookot tolescopo which magnifies ton times." 

An examination which Prof. Pickering hud made of 
photographs -which had been taken at the Harvard Oollogo 
Observatory of the region of the Nova, showed H that tho 
star was fainter than the lltli magnitude on November 
2nd, 1891, than the 6th magnitude on December 1st, and 
that it was increasingly rapidly on December 10th.” It 
would seem to have attained a maximum about December 
20th, when its magnitude was 4'4. It then decreased 
slightly for about a month, fading to somewhat below tho 
5th magnitude. When Dr. Anderson detected it, it was 
again on the upgrade, and it seems to havo reached its 
maximum about February 3rd, after which it declined. 
The star therefore had been visible to tho naked oye for 
fully six weeks before Dr. Anderson’s discovery, a timo 
when it was evidently passing through the most interesting 
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and important changes. But for his zeal in studying the 
heavens, it would without doubt have escaped notice 
altogether, ami tlio spectroscopic revelations which it yielded 
would have boon wholly lost. 

This success naturally stirred. Dr. Anderson up to making 
the search for ‘‘new stars” his serious business, as he 
narrates in a most interesting letter addressed to the 
Observatory for March, 1902. IIo writes : — 

“I nodi hardly say that boforo fclio ailvonfc of Nova Auriga) my 
astronoiniaings wore f mill cob— fruitless, that is to nay, bo far as the 
rosfc of humanity was concerned — but far from being fruitless ns 
regarded myself, for fchoro was for mo, at least, a certain joyful 
calm when, after a long evening spent in writing Hormone or in 
other work, T. threw up fclio window, and taking onfc my little pocket 
tolcueopo, surveyed tbo never palling glory of the midnight sky. 
lint after the appoamneo of Nova Aurigm fcho thought occurred to 
me that porhapB after all ‘now Btars ’ might not bo mich rare 
phenomena as had up to that tinio been supposed, the correctness 
of fclmt 6ii nni so lias boon proved by Mrs. Morning's discovery since 
(lion of no fewer than flvo of those objects on the Harvard College 
photographs, although it is certainly strange . that all these Nova 
should have appeared in the soufchorn hemisphere. I therefore 
resolved to connnoiico a search for now Btai'H.” 

Dr. Anderson's purpose was not con lined to stars visible 
to Urn nalted eye, hut extended Lo all stars included in 
Lho groat work of Argolandor and Sohbnfold. This 
necessitated liis making charts for himself for the regions 
south of +40* a work which meant the plotting down 
from their catalogue places of more than 70,000 stars. 
The instruments with which ho worked wore a large 
binocular and two refractors, one oC 2| inches, the other 
of 0 in olios aperture, and which respectively enabled 
him to see stars of the 10th and lltli magnitude. To 
continue his own account:* — 

"Thus armed I began to hunt for ‘now Blurs, I worked with 
might and main, never going to rest as long as tho diy remained 
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elonr, nnd ofton rising in tho night to hoo if tint clouds lmrt passed 
away, and if they hud, hurrying downstairs to begin work either 
with tho binocular or with tho tolosoopo. Tho chief obstacle Mint 1 
liavo to contend with in auoli work is Mint tho only windows in this 
house from which I cun thoroughly oxnmino tho houvous, face tho 
north-west. Nob only is my (told of labour thoroby vory groutly 
circumscribed, my telescope boing only able to command Unit part 
of tho heavens wluoh extends from tho Equntor to hut tho 

discomfort is frequently not inconsiderable, ns tho northerly nnd 
north-westerly winds, which so often bring with them transparent 
and unoloudod skies, are in winter and early spring far from being 
balmy, and can make themsolvos felt oven when tint window 
shuttors are partially closed. 

At first my search was mainly for Nnvw, and was prosecuted 
by mcniiB of my binocular. . . . When I came to see that 

hunting for A r owfo was not atloiulcd by the success which I bad 
anticipated, I began, without entirely abandoning sueli work, to 
make a systematic search for variable stars. For this [ used my 
2*-ii i eh tolescopo, comparing what it showed mo with tho repre- 
sentation of tho hoavons contained in tho 11.1), charts 

I was always glad if after three or four months of searching, during 
whiah I might have oxaminod perhaps 20,000 stars and suspected 
flit) oi sixty of variability, I was able at last to conic across one 
whoso brightness changed. 

“I found Nova Porsoi, I need hardly say, without either 
binooular or teloscopo whoa I was casting a casual glaneo round the 
hoavons.” 

Ifc was thou no mere happy chance that tho Council of 
the Royal Astronomical Socioty wore honouring, but tho 
most persistent and strenuous work, when at tho annual 
meeting of February, 1902, they conferred upon Dr. 
Anderson the Jackson-O- wilt Modal. Tho words of tho 
President to him, when presenting the modal, put tho caso 
briefly and clearly 

“Nova Auriga) was discovered by you on February 1st, 18t>2, 
when of the 4th magnitude, and but for your diseovory it might 
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v ’° escaped observation. Nova Poraei was discovered on February 
Llt V of lagfc y 0ar ftfc 2. •10’ a.iu., when of 27 magnitude and low 
' v *\ in fcho aky. This ourly discovery of yours made ifc possible for 
taring to obtain its spectrum boforo its maximum was reached. 
^ Ho small matter to have discovered one ol those Noace, but it is 
V<s *'itablo i our do for (fa, snob as () priori would bavo aeomed im* 
SE4 il>l«) to bavo discovered both, nud i am delighted that wo have 
° opportunity to eotigr titillate you ou your success and to do honour 
J'Ovir astronomical zoal anil intimate knowledge ol the sky. 


'bes point with regard to the discovery of Nova Perau 
h'ves further mention, namely that Dr. Anderson's 
v-ory was made almost simultaneously with the out- 
for photographic records show that so lato as 
‘tuary 19th the star must have boon fainter than the 
b magnitude. T.t hud probably only entered tbo tanks 
b ti\ vg visible to the naked eye a very fow hours when 
xx ders o n remarked it. 33 ut it is gratifying to i emails 
■fc whilst, but for Dr. Anderson, Nova Auriga) would 
r o passed entirely without detection, the closer watch 
ioli is now kept upon the sky resulted in several 
-Lroly independent discoveries of Nova Porsei. Herr i. 
i iiii-fc! lor discovered it the same morning at Erlangen; 


ptn,i u P. 13. Moles worth at TrineoimiU was not quite 
alvc hours after Dr. Anderson, and four hours later 
LI IVtr. I vo Carr Gregg, at St. Leonards, lmd also 
bectod it, and communicating bis observation to Col. 

113. Nlarkwick, the Director of the Variable Star Section 


tlio British Astronomical A ssociation, the other members 
blitut Section wore made aware of the event before the 
,ys of Dr. Anderson’s discovery had reached them through 
□ ^ordinary channels of inforiuntioii. 



CHAPTER VI. 


The Structure of Comets. 

In the chapter ou “ Morning and Evening Stars,” f 

pointed out that tho systematic observation of lielineal 
risings and settings offered a chance — a rare one, it is true, 
but still one not to be despised — of making the first dis- 
co very of a comet. Unfortunately comets, bright enough 
to be visible to tho naked oyo, have been but very scarce 
visitants, nor can wo reasonably expect that they will 

be more numerous in the future. Still, when one does 

come, it justly attracts universal attention ; and the 

astronomer without a telescope ” will naturally bo anxious 
to know if thero is any work within Ins power to effect 
upon it, 

Thero is. Ho cannot of courso expect to make useful 
determinations of the comet’s place; nor can ho scrutinise 
the changes which take place in the minute details of its 
head. But the shape, extent, and prociso form and posi- 
tion of the comet’s tail are bolter observed by tho naked 
eye than with the telescope; since tho oyo can embrace a 
far wider field, and is tho fitter instrument for dealing 
with great extensions of faint light. To map out, night 
by night, the precise position of tho tail or tails with 
reference to the neighbouring stars, to trace its limit and 
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to dotormino its ox net form, arc by no menus unimportant 
tasks, 

And for this reason. The last thirty years have soon the 
dcvolopmont and gradual, acceptance of a theory which 
explains the origin and. structure of those far-stretching 
wisps of light which our forefathers found so mysterious 
and awo-inspiring. The first stop towards the elaboration 
of this theory was made by Gibers nearly a century ago in 



Fio. 40.— Tho Comet of 1001 on April IK amt May G, 

a memoir on the great comet of 1811 ; hut in its present 
shape we owe it to Prof. .Bredikhino, lately the Director of 
the Poulkova Observatory. 

It was very early noticed that tho tails of comets are in 
general directed away from the sun, and the instance of 
certain comets, which passed at perihelion vory (doso to tho 
solar surface, was auJlieient to prove that we must not 
regard a comet's tail ns forming a body coherent with tho 
head. Thus tho great comet of 18441 swept round somo 
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180° of longitude at perihelion in something like eighteen 
hours of timo. The (ail which had boon seen before 
perihelion, pointing away from (ho mm in one direction, 
could not possibly have boon compound of (.ho siuim nmlorinl 
as made up the tail lying in llio opposite direrlinn 
after perihelion. But if it worn supposed that (ho sun 
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Fio. 41. — Tin) Comofc «r 10UI on May 12. 

'W'oro capable of exorcising a repulsive force upon some 
portion of the substance of the comet, driving if, off in a 
continuous stream, thou the general behaviour of comoluvy 
tails would be accounted for. The tail, seen at any par- 
tieulai time, would be tho summation of particles which had 
loft tho comet at different successive instants, just as the 
trail of smoke from the funnel of a locomotive, as seen 
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at iiii v |»a vl u'ulai* iimmi’iil, m ipmnsl of jmrl idea I lml, 

ntmo off from il ;t I mhvchm vo in*il :i ul >s, and is uo|. u body 
t'olte rr'iil with tho oH|»iin\ 

Such n ropnlsivi’ force \vo may (tin I in an *’h>r.t lioal art ion 
of t ho Him | .Hi action fin* ollh’iniiey of which would < l«’|o*fnl 
ii|iou l|i«i Mirim-1’ "I tin' holly in toil upon, in cnul looted with 
that of |;ntvilalion, which deprmln U|»m it m iiiusm. Vhnn 
whilst tho imcli-ii.-i is niovnij* in its orbit round I ho sum 
imd«r t in* intlnolico of j'ravilntioii, vny mimilo j.ui l ioloii 
in tin* envelope will ti ml t heno, elves pniet mall y loan 
»tp*iif*lv iitlviti’fial lov.iiiiln tin* lain, or it may actually 

ho from it ; in any case I ho olfool is Jn 

sej, asalo I honi noun nlnl inure from t ho iniiin hmlv of 

tin* could . 

Ml’ | ho (PHi tii’loii lima driven away from tin* Inunl, I ho 
lijlhloal. Wt mill hn tliioin nmst jilroiii'lv v»*| n*l I* o I ; ami Prof, 
M tv* lik hi no I'm i ml that aoveial of tin’ t'l'nit omaota of |,|io 
plod- con fury worn ilist inj'iiidhisl hy llio pmitiomunn nf trnj; 
druij'ld. tails which nnttil liuvo hoon rnmpnw’d of | untie lea 
» i n * v 1 1 1 (T motor au iiilluoin'o mono I wolvo or fmirlooti titncH 
I hat of gravity. TIm’iso lmi[f iihiiiplit taila Ion it im 

I’Xi'cmliuijIy oliiiiicloi ini io claim, ami liuvo jo rdiui'ly Innas 

nmlioil hy l*r*»f. MmliMiino an e.imponin^ tiiu liml type. 
Suoh hiiht irro aliviomilv eionpiinod of tho lij'lttoal unitoriiil 
eulcriutf into tin* oiniipiinil i<m of tin* einnd, ami mnminintf 
thin to ho h > yih , ci|;on, Mmn tlio nvenii'o fail of tho nnrond 
typo nii{;hl well ho iiitnh’ up of hyilroonrhomi ; wliilat, troll 
utnl tho heavier mot nln would, from lltoit* iimloouliu' 
woif'ltl, ho miilnhlo elements to form fin* third typo. Ill 
I ho taihi of tlio aoi’oml typo tho effect ivo repulsive I’meo 
dnoH imt dilTor urojitlv from Krnvilv, mn! it, in lliiu type 
of (nil, Nlightlv, hut not t’xtiuvnj'.iollr curved, which in 
mi ml, coni mniilv oliiicrvod in nmiol’i viMildo to tho naked 
eye. Tho third typo in mamlly idmrply curved, ulnut mid 
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brush-lib?, and the ropulsivo force in couh Monthly Iobh 
tli an that of gravity. 


a 



Fia. 42, Prof, Drddilcluno’fl analysis of (ho tail of (;ho Ooinof, 
on 1001, May 12. 
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The groat comet soon in the southern hemisphere in 
April and May, 1.901, lias recently been analysed by Prof. 
Brodikhiuo, in a papov from which the tlireo accompanying 
diagrams havo been reproduced, and Ins results afford an 
interesting oxamplo of his mothod of treatment, and of the 
nse which can bo made of careful naked -eye observations of 
the positions of a comet’s tail. 

On April 24th, before the perihelion pas sago, the comet 
showed practically only a single tail, and that was of the 
first or hydrogen type. After perihelion, the tails wore 
only of tho second and third typos, the matter composing 
the first typo tail having been apparently completely driven 
away. On May 5th, tho chief tail, which was distinguished, 
by a very well marked rift, showed this rift as of a conical 
shape, tho apex of which was occupied by the nucleus, and 
not as usual of a conoidal form. A drawing made by Mr. 
J. Lunt at tho Itoyal Observatory, Gape of Good Hope, on 
May 12th, was of especial interest. It not only showed 
the principal tail of May 5th, with its dark riff, but a long 
broad faint tail somo 25° in length, and a short tail between 
the two. Prof. Bred ikhi no’s analysis of this drawing is 
given in the accompanying diagram. The lineN Id and 14, 
the two branches of the principal tail, were due to a repub 
Hive force a little greater than unity j tho lino 15 is due 
to n force of about (H>5 • tlio broad faint tail, Prof. 
Brcdilduno ascribes to substances of the third type, and 
finds that when tho particles which make it up are traced 
back to tho nucleus they indicate that a great explosion 
took plnco on April 22ud ; a vast quantity of matter of a 
wide range of density being driven off in a single short- 
lived convulsion. Tho points in tho diagram, a, ft, y , U ul S, 
correspond respectively to values of tho repulsive force 0 f 
Q’85, 0'G5, 0*25, and 0*15. 
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A Totai, Solan Moiji'hil 

It ih tho misfortuno of tho British IhIoh to ho ho completely 
shunned by total oclipsos of tho huh Unit tho hint visible 
in England happened as long ago uh 1724, and (hirt count ry 
will not bo favoured with tho next until 1027. Yot tho 
ease of modern travel brings tho phenomenon within the 
reach of so many that it may bo well worth while to 
glance at tho various kinds of work which cun bo under- 
taken by “ astronomers without telescopes,” especially an in 
1905 a total solar eclipse of considerable duration will be 
visible as near the British Isles as the northern provinces 
of Spain. 

It should bo borno in mind by all who are favoured 
with a good viow of so raro a phenomenon us that of a 
total Gclipao of tho sun, that thoro is a kind oil moral 
obligation upon thorn not to lot the opportunity pass 
entirely without profit. “ The giddy pleasure of the 
eye” is no excuse for selfishness, Bach one should do 
something, make somo record, which may hereafter be 
of service to others in tho solution of some of the 
problems which an eclipse presents. Wo owe an in* 
•estimable debt to those who preceded us who did leave 




Fig. 43. — The Corona of 1900, May 28. 
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such records, and wo can only repay that debt, by in like 
manner doing our best to leave material as useful for the 
benefit of those wlio shall in thoir turn succeed to us, 

First of all, the most obvious work- for anyone to 
undertake, who watches a total eclipse without a tele- 
scope, is to draw the corona. This may seem a very 
trivial matter, and, when tho strange discrepancies 
between different sketches are noted, a very useless thing 
to attempt, especially in view of tho outninco of photo- 
graphy into tho fiold. But it is not so, Tho chief fact 
that wo have as yet established with regard to tins corona 
is that it varies in form and character with tho sunspot 
cycle, and this fact, though supported by tho photo- 
giaphs, was demonstrated by tlie comparison of draw- 
ings. Then again tho careful examination of drawings 
has shown thorn to ho far more trustworthy than a 
cursory look would suggest. Tho wide differences 
ho tween different sketches have often boon duo to tlm 
skotohors choosing different sections of tho corona; one 
choosing tho brightest inner corona, another tho fainter 
and. more irregular contour, a third the faintest exten- 
sions. Tho results have really not been contradictory hut 
rather supplemental of oaoh other. Nor lias photography 
entirely superseded tho work of tho skotolier oven yet. 
Tho coronal streamers, often shown in drawings, wore 
photographed in the oelipso of 181)8 for tho first lime. 
Tho previous failure of photographs to record thorn had 
occasioned their vary existence to ho denied in some 
quarters, and had cast unmerited suspicion upon tho. 
drawings which dolinoatod them. 

Tho work of drawing tho corona is, howovor, not ono 
to he done off-hand. Tho intending artist should bo 
one who has already acquired skill and quickness in 

u2 
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draughtsmanship. The time of an eclipse is terribly- 

short, and the object to be sketched is bizarre aiul 
unfamiliar. There should be frequent practices buforo- 
hand, oitlior upon drawings of the corona, hold at, lL 

distance of 107 times the diameter of the eelipHmjg 
moon, or, perhaps hotter, upon little wisps of clvriiH; 
cloud. But in any case the time from the first 
of the object to tlio completion of the sketeli must bts 
rigidly confined to tho timo of the expected dural ion of 
totality. Quickness to seo and record is tlio first essential 
for coronal sketching. 

Tho next point to ho noted is tho need for fiducial 
linos by which to orientate tho drawing. This may l mi 

done by providing a plumb-lino right across the lines of 

sight. If tho weight at. tho end of the plumb-line dips 
into water, it will sorvo to steady it against vibration 
with tho wind. 

If sovoml skotehers can combine they should portion 
out tho corona between them before tho eel ipso btijgimi, 
tho vortical line being adopted as ono of tlio <livi<li npj- 
linos, and if four workers aro present a lino pavallol to 
the horizon might bo anothor, thus giving each obsorver 
a .quadrant, A fifth obsorvor might make a rapid out - 
line of tho onbiro corona as a basis for combining tho 
four quadrantal skotchos, 

Tho sketchors should bo caroful to indicate as preciwoly 
as possiblo tho positions of any rod prominoncos, as 
these can bo verified oithor from photographs or from 
observations with tlio spectroscope. Distances from tlio 
limb of tho dark moon should bo carofully estimated. in 
terms of its diameter. 

In some former eclipses, notably in 1878, tho brightest 
inner corona has boon screened off by moans of a blade 
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draughtsmanship. The time of an eclipse is terribly 
short, and the object to he sketched is bizarre and 
unfamiliar. There should be frequont practices before- 
hand, either upon drawings of the corona, hold .at a 
distance of 107 times the diameter of the eclipsing 
moon, or, perhaps hotter, upon little wisps of cirrus 
cloud. But in any case tlio time from the first sight 
of tlio object to tlio completion of tlio sketch must bo 
rigidly confined to the time of the oxpected duration of 
totality. Quickness to see and record is the first essential 
for coronal sketching. 

The next point to bo noted is the need for fiducial 
lines by which to orientato tlio drawing. This may bo 
done by providing a plumb-line right across the lino of 
Bight. If the weight at tlio end of the plumb-line dips 
into water, it will sovvo to steady it against vibration 
with the wind. 

If several skotchors can combine tlioy should portion 
out tlio corona between them before tlio eclipse begins, 
tlio vortical line being adopted as ono of the dividing 
liues, and if four workors aro present a lino parallel to 
the horizon might bo another, thus giving each observer 
a .quadrant, A fifth observer might make a rapid out- 
lino of tho on tiro corona as a basis for combining the 
four quadrontal sketches. 

Tho sketches should bo caroful to indicate as precisely 
as possible tho positions of any red prominences, as 
those can bo verified eitlior from photographs or from 
observations with tho spectroscope. Distances from tho 
limb of tlio dark moon should bo carefully estimated in 
terms of its diameter. 

In Homo former oolipsos, notably in 1878, tho bri K htoBt 
inner corona has beon screened oft by means of a black 
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Oise, so as to leave the oyo more sensitive for tho detection 
of faint coronal streamers. This is not rocommondod as 
it is a troublesome and vory doubtfully useful device. 
But all intending* skotoliers should be most careful to 
avoid dazzling their eyes during tho coming on of tho 
partial phase, and should rest thorn as much ns possible 
shortly before totality. 



Eia. 44. — Drawing tlio Corona j Huxav, hid in, I HOB, tTimunry 22, showing 
tho uao of tho plumb-line.* 

(l-'rom n Pliototfviiiili by Miss Qin-tvuilo llncon.) 


White chalk on purplish blue paper is an admirable 
material for representing the corona. Notes us to any 
colour or colours perceived in tho corona should bo made, 
Quito another class of work may bo taken up by those 
who have keon eyesight, in the search for stars. To note 

* From “Tlio Indian JBolipao, 1808"; report of tlio Expeditions 
orguniBod by tlio British Astrduoiuical Association. ’ 
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which stars arc seen, when they arc first glimpsed, and 
>vhon lost, would bo of some value as a register of the 
clearness of the sky, and of the brightness of tho eclipse, 
ti.s well as for comparison with the records of old eclipses 
wherein tho appearance of stars was observed. 

The Zodiacal Light should he looked for, for though 
tho chances against seeing it are very great, a single 
clear record of its appearance during an eclipse would be 
of tho utmost value, and might decide at oneo whether 
its axis coincided with tho ecliptic or with the solar 
equator. 

Tho observations of tho “ shadow -bands ” is one of some 
interest, and as it only requires a whito surfaco and a few 
light rods, there should never ho any difficulty in enlisting 
observers, 

It must bo remembered that tho bands are usually very 
faint, and have to bo definitely looked for. A white 
surface must be prepared to receive them; either a white 
shoot, which may bo fastened down to tho ground, or set- 
up vertically on an upright frame, or a whitened wall. 
The surface should bo marked with two black concentric 
eiiclos of known diameters, that the intervals apart of the 
bands may be corroctly judged, A rod should bo placed 
to mark the direction of tho bands thorn solves, as seen 
at the beginning of totality ; and another to mark their 
direction of motion; anothov pair being used for a similar 
purpose for the bands seen at tho close of totality ; and 
after totality is over tho most careful determinations 
must bo made of tho directions of the rods, and of tho 
position of tho sheet or wall. Tho following questions 
drawn up by Mr. 13. W. Johnson for tho assistance of the 
Members of the British Astronomical Association should 
bo answered. * 
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yot without any instruments or any preparations for 
observing, should not lot it pass without Homo record. 
Tlujy should no to tho appearance of tho swoop of tlm 
shadow over tho country as it comes and uh it goes ; tho 
colours of sky, land and noa Hliould also his noted, the 
sky being divided into three regions — namely, overhead, 
at sun-height, and near horizon. 

(.’holographic cameras come very dose to a definition 
of a toloseopo, and hence should ho oxcluded from the 
scopo of the prcsont paper. Yet as in all probability there 
arc some hundreds of possessors of cameras for every 
one who possesses an astronomical telescope, it is perhaps 
not suporlluous to remind photographers that a very largo 
held is open to thorn. Cameras with a focal length of two 
feet and upwards may be profitably used upon the corona 
itself. In this ease tho camera should ho (irmly fixed 
and exposures not exceeding half a second should, be given. 
If the focal length he not more than 15 times the aperture, 
this with an “ordinary" plate will probably he found 
quite mdlioienL. For shorter focal lengths shorter exposures 
should lie used. 

Hand cameras may bo profitably employed for photo- 
graphing tho landscape during the approach and recession 
of tho shadow. A series of photographs taken at live 
minutes intervals with a uniform spaed of shutter, such 
as Miss Bacon took at Buxar in India, would give a very 
interesting and certainly vary pretty record of the increase 
in tho darkness as tho eclipse comes on. 

Finally, a valuable record of the total light of the 
eclipse can ho obtained by exposing a plate in a printing 
frame to tho light of the corona during totality. l*ur~ 
tions of tho pinto can be exposed for different lengths 
of time or tho plato itself may bo placed under some 
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Si'akb by Daylight j 


and Tiiii Sum ou Stahl in ht, 


Ahh tho stars visible to ordinary night in tlio daytime? 
Uiovo in a widespread (audition that they are; that, it’ 
an observer places himself at tho bottom of any deep 
shaft as of a mine, a woll, or a factory chimney— which 
^iiuy shut off scattered light and reduce tho area of nicy 
illumination acting on tho retina, lie will bo able to discern 
tho brighter stars without diiliculty. Tho tradition in one 
of a respectable antiquity, for Aristotle refers to persons 
seeing stars in daylight when looking out from caverns or 
subterranean reservoirs, and Pliny ascribes to deep wells 
a similar powor of rondoring visible tho stars tho light of 
which would otherwise bo lost in tho overpowering splendour 
of tho solar rays. 


Tho tradition, woll founded or not, has often boon 
adopted for literary effect. It scorns almost sacrilegious 
to hint that no star known to astronomers could have 
shono down unceasingly upon poor Stephen Blackpool 
during Ins soven days and nights of agony at tho bottom 
of tho Old Hell Shaft; that at host ho could only have 
caught a glimpse of it for a fow minutes in. each twenty- 
four hours as it passed across tho ssenith. Dickons indeed 
docs not absolutely say that Stophon watched tho star by 
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an possible tlie distance of tho star from I, ho true zenith at 
tlu) numiont of transit. 

Wn ‘ Jolm Horschol mentions a ease, wliiolt ho considers 
an Hiit.iH factory evidence, of an optician who Minimi Dial Mitt 
ourlioHfc eirmmmlanee Hint drew his attention. to astronomy 
“ was tho regular appearance at a certain hour for several 
successive days, of a considerable afar through tho nIihI'I, 
of a tdmmioy.” This, it will bo notice], in second-hand 
evidence. 1 havo novor boon nhlo to obtain evidence ovon 
m aivoci ll!i ih ' lH m^HolC, though I havo mot several persons 
Vi’ho foil quite confident that they Iiml seen stars by daylight 

wu up tho abaft of a mine, or that “ aomo ono had 

tohl Ilium ho had done ho.” 

•Hut tho value of such indefinite Hlatoniuhts in nil. I 
have mol ovidonoo more direct and explicit in nupporl of that 
favourite legend duo to the fertile imagination of the 
Kmperor Jahangir, of tho Indian juggler who threw a, 
rope into tho air and climbed up it, to disappear u,t its 
top into space a logoud which atilt makes periodic re- 
appearances, and linds not a few devout believers. Ih,t 
direet, first-hand, Hoiontilic toHlimony of an observer who 
him boon enabled by tho uno of a shaft to duleet slarH 
with tho naked eye at midday is still to socle. By sehmtilic 
■testimony, I mean tho record of tho day, hour and minute 
when tho star was hooh, tho latitude of the place, the 
depth of tho shaft, tho breadth of its mouth — tho numerical 
olemon la, in a word, which are necessary te give value to 
tho observations. There must be not a few of the many 
who talco an interest in astronomy to whom the means 
for making such an observation are available, and who, if 
they would take the trouble, could report, "I have scon 
mich a star at such a time,” or. “I have watched for such 
a star at tho time of its transit across tho '/.onith on ho 
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many occasions, when the sky was clear, and could see 
nothing,” Such observations would sot the question at 
rest whichever way they tended ; but what nro wanted, 
here as elsewhere, are definite observations, carefully made, 
fully and systematically recorded; not vague, second-hand 
impressions which aro perfectly valueless as evidence. 

Whether or no the use of a shaft to diminish tho effect 
of shy illumination, and so to rentier the stars visible by 
daylight is practicable, it suggests a method for dealing 
with what Prof. Newcomb in a recent paper lias justly 
described “as among the most important fundamental 
constants of astrophysics,” immoly, tho value of the total 
light of all tho stars. In the paper* alluded to, Prof. 
Newcomb points out that tho “ total amount oi light 
received from all tho stars may servo as a control on 
theories on the structure of the universe, because the 
amount of light resulting from any theory should agreo 
with tho observed amount. It is also a quantity which 
we must rogard as remaining constant from ago to ago.” 
Yet, strangely enough, very fow attempts have been made 
to determine it. One of these was mado hy Mr. Clavin J< 
Burns, + his motliod being to compare tho brightness of 
tho spurious disc of a star scon out of focus in a telescope 
with the light of tho sky. Tho oyepiece of the telescope 
was pushed in and out until tho brightness of the spurious 
disc soomod to correspond with that of tho shy. Prof. 
Newcomb, two years later, adopted several plans, his 
purpose being a twofold one — first to determine tho rolativo 
brightness of different portions of the shy, and next to 
express tho brightness of givon units of surfaces in terms 


* A&trophysioal Journal, Docombor, 1001. 
t Journal Jlrit, Aslr. Assoo Yol. XII., p. 212. 
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of star magnitude, from whence in turn the brightness of 
tlie whole heavens in terms of starlight may ho inferred. 

Prof. Newcomb's first plan was to use a small tube, the 
length of which ho could easily vary, the ends of the tube 
being covered with caps having apertures of varying diameters, 
ancl to ineasuro therewith the smallest area of sky which 
was certainly visible to him. A second method was by 
means of small mirrors arranged so as to enable different 
regions of the shy to bo compared directly. h'onghly 
speaking, the Galaxy appeared, surface for surface, about 
twice as bright as the sky outside it. 

For the determination of the brightness of different 
areas in terms of starlight a concavo lens was used, so as 
to spread out the imago of the star into' u dine, and the 
brightness of the expanded imago was cut down by means 
of an absorbing glass to that of the sky. The results 
appeared to point to a valuo for tlio total starlight of from 
600 to 800 stars of magnitude 0, whilst Mr. Gavin Burns, 
by different methods, fixed tlio valuo at about 400 stars for 
one hemisphere, or 800 for tlio entire hoavons. Both 
results, though more accordant than might have been 
expected, can only be regarded as first approximations, and 
there is abundant room for many other observers to follow 
those pioneers, and supplement their work. 

One method for comparing tlio light of the sky in two 
different regions would bo by means of some such H implo 
apparatus as the following A tube, bout at right angles, 
should be fitted at tlio angle with a pioeo of card plaeod 
at 45° to either arm. The card should ho painted a dead, 
black all except a white cross in the centre. Tlio observer 
should look down one arm, through a diaphragm about 
f mcl1 in diameter, and view the card, which would bo 
illuminated by the light coming down tlio other arm, and 
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in absolutely no cloud or mist in the nicy. But there still 
remains tins question whether tho general illumination of 
the sky docs not vary from time to Li mu. Thun, two 
olwnwera of tho very first rank, Mr. Donning ami. Mr. 
Backhouse, liavo recorded tlmt in August, J.HKO, tho sky 
was unusually light. It is dear tlmt tlm sum total of 
h far light cannot vary from time to tiino, and if tlm light 
of tho shy is different on one occasion from, tlmt which if 
is on auotlmr, allowance, of course, lining nnido for any 
annual variation, duo to tho Milky Way or sumo of tho 
brighter constellations being in an ospoeially favourahlo 
position, thou this variation in luminosity must ho duo to 
Momo cat tso other than starlight. Ovor and above, thorn- 
foro, tho two very important researdiON,~~(o) of tlm 
relative brightness of diffovont portions of tho lmavons, 

and (h) of the total sum of starlight, -thorn will come tho 

question as to whothor thoro is in addition any variable 
source of luminosity, and, if so, what are its nature and 
origin, and the laws and causes of its changes. 




CJHAPTEH IX. 

Yamoub Bkt Eitiutb, 

Tiimrb ore certain phenomena which liu vory mar tho 
bortlorlino of astronomy and meteorology j' so aour that it 
is difficult to say whioli soiuuco Inm tho Btrongor claim bo 
toko note of them/ Amongst thoao, perhaps tliuso which 
hnvo tho bast churn to bo included iu tho duportipuut of 
astronomy arc tho Btmngo bright uloudn which ■worn din- 
goto red by Oortuki, said which wait! afterwards nisdo tho 
object of careful study by 0. Joaau, Tliotw Luminous Night 
Clouds wore uttorly unlike any phenomenon which had Jwen 
pruviounly recorded, aud thoir disoovory, liku that of tho 
Gtagonsahoin, was a striking uvldonoo tliat not umn yob haro 
the Holds of work which llo oIoho at hand boon all explored. 
TTioro is still an ample harrost to ba roapod in more than 
one dirootioD by the man who asm roiufuroc 1 an observant oyo 
by thoughtful patience, 

Those luminous clouds wore not visible at ovary tdmo 
of tho year, bat only during tho nights of sannnor j their 

a 
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period of visibility for Berlin, whore llorr .fosse observed 
them, being from May 'lord to August, 11 Mi; a period 
corresponding nearly to i lm season of continual twilight 
for Hint lull tilde. Their light wan derived from I hr sun, 
which during that season is never more than IH U below 
the northern horizon, their great height, above the surface 
of the earth (maiding them to catch his rays ; for the 
comparison of photographs taken of thorn from different 
stations showed that they ranged, from fifty to lift y- four 
miles in elevation, or ten times the height attained by 
light, cirrus clouds. 

In appearance those night, -elouds were of a brilliant 
silvory-WhitoiioHK, slightly tinted at, times with blue if 
near the zenith, or with a reddish-yellow lingo if near 
tho horizon. They were woolly and striated in chant, cler, 
and repaid examination with a field-glass of large aperture, 
b.Y means of which they might he traced considerably further 
t han the naked eye could follow them. 

The discovery of an order of clouds at a height above 
tho earth so greatly exceeding anything which had over 
been observed, oven of the lightest cirrus, was remarkable 
enough. More remarkable still wove their variatiouH. h’or 
they were not, by any means a permanent phenomenon, 
and diminished in frequency of appearance iroiu tho lime 
of tlicir first discovery. From 1.885 to I88U, they were 
soon before midnight; later they could only be doteefed in 
the morning hours. Tlioir movements were more interesting 
still, and wore such as might he caused*-- so it has linen 
suggested- if, though travelling with the earth, they were 
but lightly subject to its attraction, and experienced some 
retardation as they travelled with it. 

From any point of view tho existence of these elouds 
must bo regarded as most remarkable. That clouds should 
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our atmosphere and slowly subsiding. For as lato as 
1887 the ring still remained, though it could then bo 
only traced as a peculiar white haze to a distance of 
about 10°. 

The third result of the eruption of Krakatoa was tho 
occurrence of ‘'Afterglows” at sunset and “Foreglows” at 
sunrise. These were distinguished from normal sunsets 
and sunrises in that they differed from them in the time 
of their appearance and the place or quarter in which they 
were formed ; in their periodic action or behaviour ; in 
the nature of the glow, which was both intenso and yet 
lustreless; iu the regularity • of their colouring; in the 
• colours themselves, which were impure and not of tho 
spectrum ; and, lastly, in the texture of tho coloured 
surfaces, which were neither distinct cloud of recognised 
make nor yet translucent mediums. Tho regularity of 
their colouring was particularly striking. 

“ Foui’ colours in particular lmvo boon noticeable in tlicao after- 
glows, and in a fixed order of time and place — ornngo, lowest anil 
nearest the sundown j above tills, and broader, groon } above this, 
broader still, a variable rod, ending in being crimson 5 above this, 
a faint lilac. The lilac disappears } tho green dooponB, spreads, 
and encroaches on tbc orange ; and the red doopous, spreads, and 
encroaches on the green, till at last ono red, varying downwards 
from crimson to scarlet, or orange, fills tho west and south.”* 

These magnificent afterglows reappeared, hut on a 
diminished scale, after the Martinique eruption of May, 
1902. A valuable letter by Prof. A. S. Hnrsehel appeared 
in Nature for July 24tli, 1902, describing the afterglow 
of June 26th. The sun set about 8I1. 25m., and a quarter of 


* Gerard Hopkins in Nature, January 3rd, 1884, p. 223. 
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nnieli more than 30 minutes after sunset, and the height of 
the dust stratum in consequence as about miles. 

These intervals were very distinctly shorter than those 
remarked in 1888 and 1884, The primary glow after 
.Kvakatoa averaged 54 minutes after sunset until its 
disappearance on the horizon ; the secondary averaged 06 
minutes. If the secondary glow be due to direct sun- 
light, the average height of the stratum causing it must 
have been nearly 40 miles. But if, as appears more 
probable, the secondary glow was due to the same stratum 
as that which produced the primary, being in fact a second 
reflection from it, then the mean value of its height would 
be about 11 miles. * 

On a bright clear evening, as the sun goes down, an 
interesting phenomenon may often bo watched. If the 
observer tarns his back on the sun, ho will see in the east, 
immediately after sunset, a long dark line spread along 
the horizon. This darkness, which is indeed “ the Shadow 
of the Earth,” thrown upwards as the sun goes down, 
rises somewhat rapidly, its upper edge, under favourable 
circumstances, being quite sharply defined. This “shadow 
of the earth,” which may be made out more or less dis- 
tinctly on any clear evening in a suitable locality, and 
is especially easy to watch at sea, revealed itself in a 
very interesting manner in the ease of the luminous night 
clouds described in the beginning of this chapter. If fcho 
clouds were seen in the earlier portion of the night, that 
is to say before midnight, then the shadow of the earth 
covering them little by little would darlion thorn fron} the 
top downwards. On the other hand, if they wore first seen 
after midnight, then it was the upper edge that lighted up 
first, the cloud rising out of the shadow. 

The " Earth's Shadow ” came strongly into evidence in 
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<i. tl.' - ii i-. 1 'iriii'iMi In I-nili ilio htii'ii' i'U'ik i tiii lnui>r >-111 
t i« l : .■ n ’> Mi'l' iillj ii.'-ll «l» flr»» .l p ni Hint, iii tl|»i Imri/ini lnlrr* 
.'■'jitr.l ■ t ■ ■ f- ■ 1 v »i • »l 111.' tnn, n t> ell 'inurlinl uliiitmi iiiiiypT 

WrtlMn-l il ■( in ni(Hf .1 . \l ii|i> f|||] |i',| b rj ii or Imu i*|i|'Pj 1I rn| Ihi’ 

'"■'■■'Ii'lir. In tti.i tpII.'i I i-'ii nf ilm t iin’i riijf* Hunt 

lliwit i' 1 -itlm. of Hu’ limn iiirfit j ii liii'li nm illri illy iIJiiin iiml i'*l. 
V»-.«i i-i;.'M t|*i> in i'H'1 ||I i n mu linn ■ fitii|>fni|Miti mnt inijirpiaUtt 
I'll I Hill Iu.'Fj III I Ai|*r |l ■|jm,n l)f;j|inl |||p iliiril th r of nlfJlIili" 

M tli«* 'iiri‘inl;ui wiii'.i il»i»’ tn ihn n<i|rrti«Ht nf ilir.i't 

•lUlllll'M, I Ill'll |i<» ilmil‘1 it ‘I I'llj.'ii ITi ill l> I hit VI* I Hit'll 

i'hiifjilv iHni).i .| oil In tin' » in ill’ll iili.ialiiw, junl n<t Wfin tlin 
foi-.o tvifh tin- )‘iitn:ui b'ltiw. lint il;* ililfiininM in i‘«ii»i|mritl 
witfi (|i» «|.ti|ii|. no in n| ili« 1'inlinr jjIimy | ii ti it I h to if ii lii'iti}' 
it »*'|t»'iti‘.|i of M»*> In. I !••»•, o til-tv ■iti't'ii|r||it.'iii > il liy tint frtit t 
Hint ill ■ r j ,f T* •■•"ill’ll ni tj).< mm Imimv I |(it lini'i/iili ilL tlin 
fctoKin^ ••! ||m< ni*. , i»ii«| j'|i.\\ Win ii'i mi'ii rly nn I'niiM Ihi 
•I rti'iiniiii'l •Iioil'l*» nlmi if. Win ul lli*’ mmi ti t iif( «*f Ilm llrul. 
IV»I. A. l{i<i ••. im *i«Miti.*n In lln'ni* two |H«inhi, 

iiti'Mlf'iife «i lliiitl t‘i<«i«i linn' fu tiMic in llfti* wiHtlhor tlin 
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phenomenon in presented at sunset of “ Crepuscular Kays.”' 
TIhjho iit’o bvoatl pink ribands of light diverging like I In? 
sticks oi! a fan from tho point whoro tho mm has just gone 
down, They am formed in a very similar manner to the 
rays of light which we ho mot i men see in moisture-laden air, 
when tho huii itself in hidden behind a dense cloud, ami 
which children avo accustomed to speak of uh “ the sun 
drinking.” In tho latter ease, those bands of light are due 
to the sun shining out from between irregularities of the 
clouds, and lighting up tho laden air, which shines in I he 
path of tho rays just as the particles of dust do the 
motes in a sunbeam’* — 'When light is admitted through a 
small aperture into a darkened room. In the ease of the 
crepuscular rays, mountain ridges or banks of doml may 
serve to partially intercept from tho upper atmosphere the 
light of tho sun which has sot, throwing their shadows 
in long lines upwards, whilst tho sunset glow shines out 
in tho intervals between the shadows, and is soon by us 
as it radiating system of broad pink streamers. I lore 
ill England it is ram that these streamers can be traced 
very far towards tho zenith ; tlioy are usually lost as ( hoy 
pass overhead, though sometimes their termination may be 
seen as counter rays in tho east. Col. E. E. Mark wick,*' 
liowoYur, records that ho has seen the rays in South Africa 
night after night extending from horizon to horizon ; the 
radiation from the west and convergence again towards 
the east being, of course, an effect of perspective. In 
the case of the Krakatoa sunsets, Prof. Hi ecu remarked 
on several occasions these crepuscular rays as being con- 
spicuous in tho primary glow, but they were not semi in 
the secondary, a further proof that tho former was due 
to direct, and tho latter to re lice tod sunlight. 


* Kkowlkucm, 1001, April, p. 88, 
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If wo look iu.'L'ohh wulor townrdH Llio rotting nun, wo boo 
a ljrotul tnirk of light oxUmdlng from Iwlow Ihc* huuV 
pltLGu towanlH uh, duo to Llio reduction of llio hiiu from llio 
Hurfooo of tho wiiTUH. It occasionally hnp|xinH that an 
annlogmiH mflooliou w produced In tho air from tlio unitor 
mirfnao of icHS-fllmn (looting liorixon tally, In thin cuho n 
vurtiuul abaft of light iH produced, rlmng from Urn mm tm a 
hum, which \* known uh a “ Him- Pillar” and of which a vary 
lino example won nimhi on Miuv.li lltli, 1002, ovor tlui grwnlur 
part of mnitliurn Kurland, Tlui dllTunmun Uitwnen fclio 
formation of nook a nun-pillar and tlin Krakatoii afterglow* 
dopoiubi partly upon tho greater elevation of Llio Htmium 
giving riuo to llio glow*, and partly hoiauiHe of tlui Hinalliir 
hIvui of tho purtirloH forming it. Tho ordinary atmtwpliorlo 
juirtioliw am vary Hiiinll omiipimtd with Llm wnvo-lniiglh oL‘ 
light, luul hence muttnr uHjHjoiuIly tho Hliortur r» ty«, thune 
producing llio hoiihoUoji of ldiio. Tho |>artlelnH oT tho 
Kiakutoa duHt worn largo in oom|Hirl«on with thuae, and 
honco HeatLorod mllior llio myn of long wave- length— th» 
rod myH, The trompoHllo nlfnot ol U»o glowa Uiumfom 
nwultod from llio iutoruclum of fclioao two different 
urdura of portluliw upon llio rnyn panning tlmmgli 
Uiom. And ovor and uboYti Uni tidier and inoru uom- 
pUtuitod HUiinot oolourn that worn Hum prodiiwKl, thorn 
wan llio mflcolloti of tlui murnot glow itrolf by a 
Htraluin of highly rnlluctivu duwt purlicluH at a groat 
ala vat Ion. 

“ Thun wu may prohaldy uonoludo tlint hint linzo which 
followed tint eruption of lfmkoUm, and pit win cod the 
twilight glowa, wiw compound mainly of vary lino dust, 
and Hint UiIh duul at a gniat nltlluda re fleeted tho light of 
tlm sotting or rbihig sun after dilfnwtioii through tlui 
Btrubiim and dirTraotlon and alworpllon by Urn lower 
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atmosphere, and secondarily again roiled ed this reflected 
light.”* 

'I’lm heavens are Mm province o!’ Min ustrmimimr, Mm 
atmosphere of Mm meteorologist, uni I nil Mio various 
phenomena that have boon referred f,o above belong to flu* 
atmosphere, and hence meteorology may In* Haul to have 
a ‘Maim upon Mmm. .Hut they are distinguished from 

pmtMy meteorological objects Hindi an Mm various orders 

ol. clouds, rainbows, lmloos, parlmlia, ami llm like in Mini 

Mmy are connected directly with Mm oarfli’s rotation, atul 
wiili its position relatively to tlm sun. They am plmiummua 
ol Uui oarth as a planet rather than of the earth considered 
oh a world complete in itself, and from this point of view 
may he considered ns belonging to astronomy, Hut Mmy 
urn referred to here, not so much on this account ns from 
the illustration they afford of Mm value of Mm ha, bit of 
exact observation, “Science,’* it has been often said, “is 
measurement ’ ; it certainly depends upon the record of 
phenomena in numerical form. The dillcroueo in value in 
immense between the most vivid and picturesque description 
ol a flight of a meteor and tlm Imlf-do/.en nninbcrH which 
give the time of its appearance, its brightness, and duration, 
and the precise position of its path. If is only the hilf ter 
which am of permanent value, and it is only from tlm habit 
of registering tlm obvious facts connected with a given 
phenomenon that tlm faculty is developed of recognizing 
other points needing numerical expression and record. 
Thus in tlm cuho of Mm beautiful sun-pillar of March iltli, 
HI02, though many vivid descriptions wore written of it, 
so far as I know only one observer noted what should have 
been apparent to all, namely that the pillar moved an 


* Ih’ii, Kollo RuhhoH ! “ The Eruption of Kmlmlon," p. j ur, , 
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(JH Ai'TI'Hi X. 

V'aiu'A.iujM Htmih. 

It is mo i'i) than throe centuries ago since David Eabricius, 
ono of tho earliest observers of sunspots, noticed that 
a at, nr in OoI-uh, which ho had observed in August, lMNi, 
to bo of tho 3 rd magnitude, had disappeared by October. 
This appeared an observation of (treat importance, since 
it seemed to show that tho fixed stars are not, all of 
thorn permanent, but that they might die out. Seven 
years later Bayer recorded a dth magnitude slur in 
precisely the same position as that which Eubriei us had 
noted to have disappeared. Mere, however, tho matter 
rested for an entire generation, and it was not until 
I <>S5B that Holwtu'dn detected the star again aw of I ho 
«h’d magnitude in December, but found it disappear in 
the following summer to reappear again in the autumn. 
This star, therefore, Omioron Oeti, which received from 
Hovelius tho name of Mira, tho wonderful star, was tin; 
first, to become known as a. periodic variable. 

The first star, that is to say, in historic times. There 
is another more striking oven than Mira, which it, nooius 
likely was noted by tho forgotten astronomers of Arabia 
or the valley of tho Euphrates centuries before even 
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tin cl ave good comparison stars when Algol has bogun 
to fade.* 

It, will not be long before the observer will find that; 
his star is undergoing a change, and that it no longer 
nearly rivals Alpha Persei or Gamma Andromeda) in 
brightness. Directly this is noticed, systematic observa- 
tion should he commenced. A star should be chosen, 
reasonably near, distinctly brighter than the variable, 
and a second star distinctly fainter. It is usual among 
valuable star observers to estimate these differences in 
“ ste P s >” these “ steps ” corresponding generally to about 
a tenth of magnitude, though probably the beginner 
will make his steps considerably larger than this. The 
central principle, however, is that two stars should 
be selected, oue of which the observer decides to 
be dearly fainter than the variable, and the other 
brighter, and yet both of them pretty near the variable 
in brightness. The student should further bo careful 
to record whether the difference between the variable 


For a list of standard magnitudes, the ob-servor cannot do bettor 
than prooure either the " Oxford Urnnomotrin,” or tho " Harvard 
Photometry,” cither of which will give him a sufficiently complete 
catalogue of tho magnitudes of tho ‘•lucid” stars j that is to say of 
tlio stars visible tc the naked eye. There are slight differences 
between the two catalogues, and, therefore, it is well that the same 
catalogue should bo used throughout; tho two should not bo used 
indiscriminately. 

The student will bo able to practise himself in tho recognition of 
tho value of a stellar magnitude by the study of five of tho pvinoipat 
stars in Ursa Minor ; viz., Alpha, Gamma, Doha, Thota, and Lambda. 
Those rank, according to the “Harvard Photomotry,” a B 2-2, 3'2 P3 
5 3, and 6-5 respectively 5 in other words, they make a nearly uniform 
senes with a common interval of very slightly over a magnitude, and, 
berng all close circtimpolars, arc always high in tho sky and ready for 
comparison. J 
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and tho faintor star wns oqual to, greater titan or less than, 
the differcnco between It and tho brighter. An observation* 
therefore, might run os follows 

Sop. Id. lib. 15m. 2 > a 8 < 6 
whore <t and b are the two comparison stars. This would 
mean that at 11U. 15m. tho varinblo wiu noted to bo two 
“stops” brighter than a mid three " stops “ fainter than 
b ; in otl\or words, that it is slightly nearer an equality 
with a tlian with 5. 

If the observer practises tho estimation of " stops ” in 
tlie following way he will soon find it much more delicate 
Uuiu he could hare supposed any method apart from 
instruments' oould possibly lie. If two stars of equal 
brightness ore looked at for a few seconds, first ono will 
sown to bo tho brighter, thon tho otlier. But if ono is 
very slightly tho faintor of tho two, it will still seom the 
brighter sometimes, but not qnlto so often as the other* 
"Whore this difference in the froquBiicy with wliieh one 
mains tho brighter is just porocptiblo, then tho dHferanoo 
iu put as one “step.” If one star is generally tho brighter, 
but sometimes tho two appear oqual, blio difforonco will bo 
two “ stops.” Throo "Btops” will bo indicated!. If one la. 
always, but only very slightly, tlia brighter. 

- Of oourso Uioro is no reason why the obeorvor. should 
con flu a blmaulf to two comparison stars. To begin with,, 
indeed, It is woll that lio sliould try more ; Ijosring in 
mind that the stars slioubl bo os noarly os possible at 
the same nltitudo, as a marked difforonco in ilie hoLghfc 
alwve tho horlsou w|jU Iiato a oonsidarablo affect upon 
the oh Lima Hon, 

Another oaution to bo borne in .mind is that no offert 
shoald bo made to soe tho Tariablo and the com peri son 
star at tho same moment. This might mean that their 
imagoe fall upon portions of tho retina differently sensitive. 
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lioi.h .stars should bo looked at directly, amt Mm eve nhonld 
In; turned quickly from <me to flu* other, backward ;nul 
ror wunl, until tho observer is saLinliiol which in tin* brighter, 
iind by what amount. 

Hm. vino made one set of satisfactory observal ions, Mm 
student should lonyo Mm star for a while soy for liulf- 
iin-hour-— and Mien malm an entirely fresh net of obser- 
vations. It ho should In* tori muito enough to hit upmi 
Mio commencement of a iniiiiniuui his second nlinorvalion 
will allow him llio star somewhat fnintor limn the Iind, 
ami the dtfliorcmoo will become mom marked at a Ihird 
observation, Tho entire period of dorliuo and reeovery 

for Algol is nine hours, the light fading for 4-J, hours, 

remaining constant for a ' lew minutes, and then 
gradually increasing again for another period of ■{■} 
hours. -1 ho tight changes therefore at a most rapid 
rate at a, bout 2} hours before miuhniim or about the 

Hiuno interval after wards, that is to say when the change 

is about half completed. 

.the observation in a (simple one, with no neenNsorioH 
of brilliant light or pleasing colours. Yet the young 
observer cannot, wo think, but experience a real pleasure 
when for the first time his observations, carefully and 
systematically made aiul duly recorded, show him beyond 
n doubt that ho is witnessing the dimming of the Demon 
Star; that lie is wulehing across untold millions of 
millions of miles of space tho signalling of that. fur 
distant sun. There will be a sense of achievement, 
greater and not less because it has been accomplished 
by his mi aided sight, than if ho lmd had the help of 
Homo great instrument, and if there be in him anything 
of tho stuff of which astronomers are, made, bn will 
urn eagerly to look for other objects of study, and 
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will wiiit with modi interest for otlior ; opportunities of 
watohing Algol. 

Ho will not aoon cahaust thia field of work which 
Algol boa to oflor him. Minimum after minimum 
Hliould bo carefully watahod bo as to determine the 
jioriod, Tliifl of course ia now known with the utmost 
oiiuitnow, oven to the thousandth part of a second, and . 
the purpose of tho student's making an independent 
determination ia for his own training in the work, not 
for a aloaor approximation to the true element* of the 
fctar. Nov or tl lobes tt hoa been by the oontinual repetition 
of mioh observations, long after the period wai preqiaely 
known, that uiiuuto vnrintlona in it havo been discovered, 
and tlio atudout ahould certainly not drop Algol from 
his observing list until ho haa been able not only to 
work out a period for himself, and so to predict in 
lulvanoo ftifcuro minima, bat also to doteot an apparent 
irregularity in tho period whioh ia known as 11 tho 
oqnntion of light,” and which ia duo to tho fact that 
light takas some 16 minntea to orou tho orbit of the 
earth. Minima whioh aro obsorvod In November, therefore, 
whon tho oarth is at its nearest position to Algol, oome 
earlier than tho average j those in Maroh and' June conic 
later. 

It is of oonreo wnll known now that tha variability 
of Algol is dao to its having a dark oompanton whioh 
revolves round it In about 09 hoars. The variation in 
Bota Lyrm ia of a moro complicated kind, Here there 
are two minium, ono loss pronounced than tho other, and 
we infor therefore that in this oose both store arc bright 
and that thoy alternately eclipse oaoh othor, The variation 
is loss than with Algol, boing but little moro than a magic 
magnitude. 

Delta Oophoi hoe a variation of much the same amount 

T 
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ns tlofca Lyne, but it differs I'ioiu Mini, slur in I lml il Inis 
a slow decline and n <|tiiek recovery tin* decline I 
1H hours, the recovery !5h. 

U in, however, rather wil.li the va rin.l »h'n of v* • 
period Hull, the student will iiiohI. occupy liimndl', and 
of those Mim Ueti is the most noteworthy. Its blight 
ness al. maximum varies through wide limits; sometimes 
it scarcely exceeds the bill magnitude, sometimes it is 
distinctly brighter than the 2nd, hut nsimlly it ranks 
between tin* Mnl and tlm dith. It is I bus ahvaya wilhin 
tho range ol! mmsHistod sight at maximum, Imt if goes 
down far below that range at minimum, its faintest 
light bringing it, down practically jo the 10th magnitude, 
Tins “ astronomer without a telescope ” therefore eun only 
watch it at its maxima, Imt those form for Mini (‘eti the 
interesting phase. The other three stars are at all limes 
well within the range of vision. A toleseope, therefore, is 
not needed for them, and it is nnioh bettor Unit il should 
not he used. 

The four stars above mentioned are thus each tin* Ivpn 
of a different class of variation. Algid in the typo of the 
“eclipse” stars; stars which retain their maximum tight 
for the greater part of the lime, hut which, at exceedingly 
regular intervals, suffer a diminution of light, the dimimi. 
tion and the recovery taking place with tlm same speed. 
The variation in their case is not due to any change in 
the light-giving power of the star itself, but to tin* 
interposition of a dark satellite between the star and 
ourselves. Two other bright Mars are known of the 
same class, viz., Lambda Tauri and Delta Lihrm, tlm former 
with a period of nearly 4 days, the latter with one of 
nearly 2.\ days. from tin? character of their variation 
they aro rather difficult variables to discover, but the 
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number oE known members of tho divas ton da to increase 
somowliat rapidly. 

Beta Lynn, a star of “ reciprocal eclipse,” has no analogne 
amongst tho brighter stars, but forms a class by itulf. 

Delta Oophoi is a typo of tlio " short- period variables.” 
In tlioso stars tlio light is continually varying, but the 
recovery is, as a rulo, ilmrpor than the dedino. Tho period 
is fairly regular, extending only over a Cow days, and the 
members of tho class am abuost entirely confined to tho 
neighbourhood of tho Milky Way. Eta Aquilm and Zeta 
Gominomm, S Monocorotis, W and X Bogittarli, S Bagittc, 
and T Vulpeouba belong to this third oltws, 

Tho fourth class, that of tho M long-poriod variables," is a 
voiy numerous one. In this class tho aliangos of brightness 
anj often oiocssivo. Thus tho nuigo Cor Mira Ootl is often 
Boron magnitudes; for Olii Oygnl it is eight; that is to 
tiny, tho light which roadies ub from tbo star at maximum 
is 1600 limes us groat as tlmt wo receive from it at rainl- 
nitnn. Iu this olaas, both tlio variation itself, and tho period. 
In which it takes place, are apt to In irregular. Thus, as 
already stated, the maximum of. Mira Ootl sometimes has 
ranked it nboYo tho socond magnitude; sometimes it scarcely 
aicoods the fifth. Its moan period Is 331 days, but this also 
undergoes fluctuations, Of tho stars In this class a large 
proportion huvo periods of from 10 bo 14 months. Besidos 
tlio two stars already raoutioned, Bta Gcmlnorum, R and 
U Hydno, TJ Orionis, W (34) Bootis, R Lyra, T Oygni 
and Rho Pursei may bo noted as hrlght momben of the 
olass. W Bootis, T Oygni, and TJ Orionis havo periods of 
about a yoar, and U Hydno of 4flB duyfl, whilst the porlod 
of R Lynn Is only 46 days. 

The fifth class consists of tho ” Irregular variiblsi,” 
■tun for wbioh no law as to tlw time or amount of tholr 
variation h&s as yet boon dlsobverod. Pour notabb stars 

iJ 
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'belong to this class i Alpha Cassiopeia) or Huhcdar ; Alpha 
■Orionis or Betelgouso; Alpha Ho rail is or Has al Gothi ; 
Beta Pegasi or Sellout. 

Tho study of variable stars lies on tho border-line of 
Astronomy without a Telescope,” for though most of tho 
above-named stars and not a few more can bo sufliciontly 
well observed with the naked oye, thoro are very many which 
require considerable telescopic assistance. But tho held 
of work open to the possessor of a good opera-glass is 
sufficiently lai*ge to satisfy tho most industrious observer, 
whilst as — to quote Mr. J. E, Gore, one of our highest 
•authorities in variable star astronomy — "instrumental aid 
should be omployed as sparingly as possible, a glass never 
being UBed when, the naked e;yo will do, or a large telescope 
when a small one will servo, this research may bo regarded 
•as essentially non-telescopic,” 


Variable Stars for Naked-Eye Observation. 


CbwidUr’# 

Nome. 

It, A. 1000 

Dool. 1000 

Magnitude, j 

Numbei. 

Max, 

Mill. 

209 

a Cassiopeia! 

h. m. s. 

0 34 no 

o ' 
+55 50 '3 

2*2 

2*8 

soo 

o (Mira) Coti 

2 14 18 

- 3 257 

17-5*0 

3*4 

8-0*6 

<1072 

f i I’orsai 

2 58 40 

+98 27'2 

4*2 ■ 

(1090 

fi Porfloi (Algol) 

3 1 40 

+40 St*2 

2*3 

9*5 

1411 

A Tour! 

3 55 8 

+ 12 12-5 

9*4 

4*2 

17fiS 

e Auvigra 

4 54 47 

-M3 40'5 

3*0 

4*5 ' 

2098 

n Orionis 

5 40 45 

4- 7 23 '3 

1*0 

3*2 

1*4 

2213 

n Goniinorum 

3 Monoeerotis 

0 9 51 

+22 82*2 

37-4*3 

2375 

0 35 28 

+ 0 59*3 

4*0 

5*4 

■2509 

i Go minor um 

0 58 11 

+20 43*0 

3*7 

4*5 

<3793 

U Hydra 

10 32 37 

- 12 51 '0 

4*5 

0*1-0*SI 

•1823 

R Hydra 

19 24 15 

— 22 45 0 

3'5-5*5 

0*7 

• 527 

W Ilootis 

14 30 2 

+20 57' 2 

5*2 

0*1 

5371 

6 Libra 

14 55 38 

- 8 7*3 

5*0 

0*2 

i5013 

1 ) Heron lis 

10 25 21 

+42 O'] 

47-5*6 

5'4-0*0 

3*1) 

018L 

a Horen! is 

17 10 5 

+ 14 30*2 

3*1 

•6202 

ii Horoulis 

17 13 38 

+ 33 12*3 

4*0 

5*4 

G33S 

X S.vjifctftril 

17 41 10 

- 2? 47*0 

4 

(1 

5*8 

0172 

"IV Sogittarii 

17 68 38 

-29 35*1 

4*8 

■6733 

31 Seutl 

18 42 9 

- 5 48-7 

47-57 

0'0-0*0 

<0758 

fl X.yrto 

18 40 23 

+33 148 

3*4 

4*5 

0794 

11 Lyra 

18 62 17 

+43 48*8 

4*0 

47 

7130 

X Oygni 

10 40 44 

+32 307 

4* 0-0*5 

13*5 

•7121 

ii Amdloo 

3 Sagittal 

19 47 28 

+ 0 +4*0 

3*5 

4*7 

0*4 

7149 

10 51 29 

+10 22 2 

6*0 

7459 

T Cygni 

20 43 11 

+ 34 0*4 

5*5 p 

0 ? 

7483 

T Vulpoaula) 
ft Coplioi 

20 47 13 

+27 52-5 

5*6 

0*6 

7803 

21 40 27 

+58 10*3 

4 p 

6 P 

£073 

£ Cophol 

22 25 27 

+ 57 54*2 

3*7 

4*0 

‘8273 

fi Pegasi 

22 58 65 

+27 32*4 

2*2 

2*7 


Pol'IlMl. 

( 1 . h. m. 

1:12 

e ao .«> 
a aa oa 

am 

tt 10 !W 

10 i> ia 
wr» 

2 7 5i 


7 0 17 
7 14 10 
71 

12 21 47 
40 
400 

7 4 14 

8 0 11 
3G5± 

1 11 67 

;«a 

5 8 47 


Type of VnrinMon. 


Irregular. 
Long porioil. 

ImigllllU*. 

EdUjjko. 
K(iUi>H(i, 
Imigiilrtr. 
IvroHuInt*. 
Long porioil. 
Short imu'IoiI 
Hlnirt jicrloil 
Iru'Kiimr. 
Long porioil. 
Long porioil, 
HlllJjMO. 
Irregular. 
Irroguhu*. 
Irregular. 
Short period 
Short purlnd 
Long pnrlod, 
Itnnipropa] in 
Loot,' porioil. 
Long porioil. 
Short porioil 
Short porioil 
Took porlod, 
Short period 
Long period. 
Short porlod 
lvrotfulur. 


vv* 
/ , 

u 







I'llAITNIl XI. 

'I'MK ( 'ill.illMIH uv Htakh, 

I.y I'liMrliuliiiiT in.Y niviow of i|tt|>«vr| iih*ii1 h mT oliwrvntiim* 
mjh'H to llio H uni roii<iiiu > i > without & li'liHiroiw," T wihIi to- 
idiHHit hi itiu< wliioh ofl’iTH him imnio ninrtl I ii|i|HirLimitv, 

nit I fji in KoiMTitl it hiiihI. Ihi iHiiiHiilunnl mm Tor Mm- 

lnf.rifHi.orn of iiiui I how ovmi of 

hiisi 1 . 

Tin* wide ililTori'ni'o wldoh l.ln'ri 1 in lulwonu nlor unit' 
itiur in to l>rii(litti«HH in il |>[mi r<*n t mi tlm wry Hint nlmim 
liMviihU I Iim lixavoiiH ; il ni<|i»inw n, moro inimbil wniliny 
In i'i'iili/1' I bn I I liny differ aim i in lliidr colour and 111 
l In* of tlioir Hliiuiii|(. 'llm niifli > nt m nUThal Miuir 

dimrliniiinlhiii of Ml'* iHfforeiicn in tin* hrigldiMnni'K of nlurn 
no for uh to n'«-ogiiino hU magnitude*, and added I lie furlltcr 
v>*1iiii*iiM'iif Hint I In' v inded many Hturn an Mug moiwwIibX 
loigliior or mnucwliul faiulor, iih (hn coho might ho, limn Mm 
average alar of Modi* magnitude, hut whan it mum to Mm 
1 1 1 it ■ h I lull of colour I hey hardly iioMi'ihI any difTorciicn at ail, 
Tint nUrH in I'i'imhil were diiwrilTd u« yellow, nIx only U*lug 
ri'i'oiilnl uh " II cry.*’ Of Micro i»K wo hIioiiIiI iiIiihm live- 
ita king diallm'llv iirungo or mil— -A iiluri'H, lletnlgoum*, 
AMohuruti. A return* uml Pollux. Tim Mix! It, Hlrlna, k 
to mi un inli'iiiH-ly while nlur, oml Micro hava been nuuij. 
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discussions its to whether it has changed its colour in (ho 
last 2000 years, or whether the description given of it 
“ fiery red” - is due to some mistalio in (ho record, or 
whether 1.1m excessive scintillation ol ! tlm star may account. 
Cor it, For, as wo hoc it now when near the horizon, 
a momentary ilnsh oil vivid rod Humus nut from limn to 
time, duo to tlio irregular dispersion of its light in passing 
through tlm tremulous atmosphero. It is from this that 
Tennyson, most exact of all the pools in his seioniilio, 
references, calls Sirius “Itory" in the well-known passage 
from the “ Princess ” : — • 

“The Mery S riim nllorn Into 
And looker# into nut (util oniernlil,'' 

A careful eompnrison of star with star will soon show 
that this class! Ilcation is far from exhausting the differences 
of tint which may he recognised amongst, the stars visible 
to the naked eye. Indeed the Hlar On lour {Section of 
the British Astronomical Association, under the able and 
energetic direction of Mr. W. B. Franks, k.h.a.k., hoiiio 
few years ago drew up a catalogue of all the stars of (lie 
fifth magnitude and brighter, and recognised no lower than 
twenty different tints or shades. The immense majority 
were indeed white, or whitn with a more or less evident, 
tinge of yellow, up to a fairly lull yellow, and the observa- 
tions wore made for the most part, by means of refractors 
of three to four inches in aperture, or of reflectors of 
six to eight inches. The observer, therefore, who 1ms no 
telescope, or who at host possesses but a good fleld- 
glass, would neither bo able to deal with stars so faint 
as the fifth magnitude, nor to detect as many differences 
of colour. 

Nevertheless, with a good field-glass some three hundred 
stars would be within his reach, and with tlm naked eye 
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• | nil •- <11111 linn.hv.l, the colour of which hn might 
mu iv-.-.l'nIly nit moite, mid iu nil jo-oluhility with jmiiem'e 
mill •<->. | ■I'l-i-'fit'i- h>- wmiM sMivii-il in |'i'nii|iiiig Mnwe into 

| ll|l V il *|.i.*i ll • 1 1 It Ill •Mlcglil'ii*:.. 'I’ll!' Will'll WlMlllI fltMMI 

i .•! f i.i |u< ,iii ,ii ii'.ii ii v<* imic, fur ih'liciK-y of iliHrri iniiin- 
will. I I n> ..tin- »«« r< •tin - wilh |iraHii*i*; mid the wuine 
o| lli*- |»>\vi<v !** ili'icriiiiinnl'* with «|iii«;1x mid enrlmnl.y 
l>i<l Wi'i’ii t n>* '<lin;* which til lind j'lii ni'f allowed im difference 
\v*>iihl < vi ii ini ^ l«mig | .li*.i ■un , *‘. 

Ill lln* w* i if of iM.t imnlinir lhi« culnUi'ii of id lira, then* lire 
fwi* < I i It <>i ** m I | >• mit 't lo l»i**|i in mill'll The our in, wlmt 
|n«iiil in i hi* i<)" >111110 nlnm Id In* liilt.’ii iib himl. ri'iiri'wiiling 
lltM iIkmiiiiiiiiI i i ii I of I hn id ii i*. Tlii* oilier, wind- in tint 
int.-iifiiv nf I Iml lint, for il nurd In* remonilinred llml. Urn 

til. ii'ii give « oMiiiiiitiiiii im . llml in to mi v, tin* ground- 

worli of I heir n| u‘<*f r>t in ewii’iil tally I'onlintiomi, Roughly 
ii|>*<nV.iiii; I hoy nil i-ivi- light »f ull wiivedengllm j ill other 

word'i, I Im'v hy while light, Wo hiivn no 

nhira With *i|ii'C|i:i limited to olio jnirlielllar IVgioll. Kveu 
in lln* hiiieh’il H|iei’tri» none of I he Keren eolonrH Hill I* we 
• n ilium ilv rei-ogimii* lire "iilirely wmiling, mill evoit if w«* 
wriit fiullo i', joi we enaily might , mol ilivided the ii|MH'.l-rnin 
n.it mill iiei'en only, hut inlo twelve or mum different 
i.i|. mi.i lie* timin’ nlnleinenl mighl Imhl |(ihhI. 

We imhaI therefore regn.nl the Id lira n» nliming enmnil.iid ly 
|,y white light. Milt lln* niiiomi liulN which logetlmr go to 
lint lie H|1 il |n*rf.'i!l while, are md ulwnyn found in their etnud, 
|iro|t , il ion ■ We itiny regind, I here fore, il eoloured hIiit hh il 
,.| (M shining by white light (•Inn n e.*vluiu |»ii'|mrtion of l»ffM 
of u|n* or more n|nmill doiim, 

Anmiiniing llml I hili in no, Mini- tlm light of im.V «iai* Ih 
| v4rilv white iuhI |im‘i ly eoloured, we imiy divide fin* hIilvh 
into i > lii*iHti | i l i|e|ieiidin|! entirely ii|iom the tlet>lh of lint which 
i he v iihnw, mol not il'i colour. A llve.fold dlvinum 
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huPK*omLh itself, something to 1.1 to following effect: (I) 

I»m'o white, (2) tinted, (il) coloured, (4) fully coloured, (ft) 
(looply coloured. Amongst tin; stars visible to the nuked 
oyo tho full and (loop colon vs art? rare; it; is especially in the 
lioltl of double star astronomy Unit. wo got the deeper uml 
richer tints. 

After tho question of tho dopth of tint which the slurs 
allow, comes tho ((uosfion of tliu colour of that tint. I'W 
nalcod-oyo stars, tho more refrangible colours do not euiiio 
into consideration. Tho range is from orange-rod. up to 

yellowish green, or possibly in n single instance thud of 

Uotii Iiibm> — to green. Alpha T.yrui, and possibly one or 
two other stars, lnivo a distinct bluish tinge, hut in g, moral 
Uhj stars not passed as white may he very well scheduled 
under tmo of tho live following heads :• -( !) reddish-orange, 
(2) orange, (3) orange-yellow, (4) yellow, (ft) yellowish 
green. 

In working upon slur colours with the licbl-glass or 
nuked eye it is impossible to use any artilioial standard of 
colour, hut tho wide Held of view, and tho ease and 
rapidity with which tins attention can ho turned from one 
part of the heavons to tho other, will much men- than make 
up for this doUciency. Tho stars must he compared one 
with another, and tho estimations of colour must he purely 
relative, and the method will ho found much the most 
accurate possible. 


The most satisfactory programme for an evening’s work 
would probably bo to take a number of stars not differing 
too widely in magnitude, and without regard to the exact 
name to he given to the depth of tint of each, to arrange 
them simply in order of colour intensity, beginning with 
the star of purest whiteness and going downwards to tho 
ono that showed the fullest tint. It would probably he 
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l**miil uvll I <»r lli** i-alc iif iiiiuplii'il v hi ki*i‘|i Ihis work 
»>i i li*« iirnmi'i'im-iil in nnlm* nf I In* i|«>] it ii nf f inf, «>n1 in*l v 
hum I In* wm li nT iu'i iui|;.«nn>h|. in nnliT »*f colour. 

I‘|.| (.I'V»*I.|1 nij'lit-. II niiinlii‘1' III hIjith tihniiM tin I n Uuu 

Ull'l i':i » • ■ I III l_V rn||l|i;M<«|, I’.li’li <i|li> willl 1 1ll • llllll'I'H, lllllil II 

j.iii i*.i ii»-i «»» t \ in i 1 ***i*ii n I 1'nr Hu? wlmln 

tUMiihi'i' ; tln< It t»f lint liriii;; tin* rrilnrimi, Tin'll, 

w lia'ii (Inn wiirl; hii’i In ■«-n ■ , iu , rii<>l mil miicivimI'iiIIv, ii niiiiilur 
• i'in|iiii until (iliuiiM he iuil it iilc. | mi |n ||im I'ulunr nf Clio 
t.l tn . t, r niuiii): ilit-m in « ir« U t h i mi I lie r.*i h Ii <Hh hi Uiuho 

whirl* nh-tiv llh< iii-ii r«"‘l (t|>|<rniirli In i-n'»>ii ; Mini in Uiin 

•■ivmi«l I*. >m | >ii ii i.a i »i i| u««mM |imlinhlv hit r*il|ll< I lliuTlll In 

«'■ > 0 tl m> • |ii<- «ml. ul Ur/il ■ till v hi tim m| n i'm nf iini|i liiil, 
Hit'll h> I licit’ ff hill rtilmir, nmi in* mi, nnlil IiihI. nr nil 
iIic.it nr, • I'liuiiiifii'il ut-t-ni iliii)' (ti | In t n| H*(*t tivl uhliT uf llii'ir 
i<t|<iiii-i w hit'll iin 1 uiilv nlii'lillv liuh’il. Tluni, if it Iminlni! 

nlillla IlllVat Im'i’II fit'll’i’lt'al l|l< lillt>will|r Hillin' lIUM'i* l»r ll*MM 
n|t|iif-i<ilt]f | ini, mill li|ivi< Ih’i'Ii iii , nui|'i , il ill ur'lor nf l-lin 
lll>|tf|t ill* I Mil . IIIUIllliT 1 1 111 1 H >il||r I III* filin' of i|mi'|H»hI. | iill., 

ilimi mu in I n<m iil In lull mi|'lil. Im Hit' niilij*** 1 ! nf I In ■ Urol, 
in i n ii (-'t'Mii-nf in tijn'.-t viiiii til'ilt'r, Iiiliiiln'i'fi 41 hi HU nf Lll<» 

liaTnllll, ,1 l|l | Ml (l|l, 

Tim (*r*’iil inlviitihiin 1 nf nidi, i ii|? I In 1 colour oiilinmlimiH 
I uni’ll * > niu|HmiliTi | mi niltl In' Unit in tlu< ritnn nf mi v 

vmliiliini of i:ti|«iui‘ in miy nlnr iln ilclcclion would lur 
»it<*it'i\ mill mMrli nit* i« » fi’i’ti rrmn muMt'iiify llum l\v u li.v 

•illii'i' imHIhhI, Thun lilmii Mini Wnlicr nhih* Hint Alpha 

lliniit Majiirin | tit mu ':i I lt»**«ii}{li it, iirhi'H of colour I'lillllf'iM ill 

n |ii’rianl «*l Tl i lii v i*. Novi'ral nhirn urn iui|»|iohinI 

to lll,i> inn uiuT In hiivo I'haiii’i'il llu'ir rnlour. Thu cununf 
uivlii'i htift nhi'tolv liffii rofi'rrml In, ImL wlmlovcr ii- limy 
1 1 ii vi? Ih'i’ii in i’ltiH*ni<iil I iiiii’M, il nrlmuly linn nliowu ilwlf 
mu vurviMt: w liiln in niir mvii tiny. Alj;ol, iiIimi u while hfitr 
(■, iin, in ih'inTlht’il I'V A l Hllll (in 11 hnl,' II In llliill'foni 

II 
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not. impossible that tho systematic study of star colours, 
oven though it bo undertaken by the naked eye alone, or 
at best with tho assistance of a dold-glass, may yet succeed 
in discovering an instance of colour change. But. should 
it fail to do so, it must not he forgotten that the clear and 
unmistakable evidence, which a. thorough and systematic 
record of the relative colours of stars would supply, that 
no colour change had occurred, would ho just as valuable, 
just, as important. 

Closely connected with the colour of stars is their 
mode of shining ; in other words, their scintillation. 
The* blue stars and white stars, like Vega and Sirius, 
“twinkle” tho most rapidly; the orange stars shine tho 
most steadily. Tho planets ordinarily do not scintillate. 
This scintillation is, of course, duo to tremors in our own 
atmosphere, since tho stars are to us absolutely inallio- 
i milieu! points to which not even the most powerful 
telescope lms yot succeeded in giving any appreciable 
diameter. It follows that when tho air, through which 
the star’s rays pass to our eye, is in great agitation, many 
rays may roach us one moment and few tho next, and the 
slur may seem to dicker like a candle in the wind. The 
planets do not scintillate because they show to us real 
discs, oven though those arc not large enough to be 
perceived as such by the nuked eye. The one exception, 
the planet Mercury, is an exception partly because it is 
always near tho horizon when soon with tho naked eye, 
and partly because its diameter is very small. It owes its 
(Irook epithet trVi\fiiov, “glittering” or “flashing,” to this 
peculiarity amongst the older planets. 

The measurement of the amount, or, rather, rapidity of 
scintillation, lies beyond the power of tho “astronomer 
without a telescope,” but even to tho naked eye there is a 
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innrkod diiToroneo in this roBpoct between star and star, 
and the obeorvor will not bo able to overlook its evident 
connection with the star’s colour. 


The review of tho various departments of obBorvation, 
available to tho mnualstod sight, lias thus brought us to 
studios, os in tho auto of voriahlo stars and star colours, 
whore, though there Is a curtain amount of work to ho 
dono without optical aid, jet tho observer's hold is much 
increased by tho possession of a good opera- glass or fldd- 

glftHM. 

'We have come as it wore to tho threshold of that 
noble structure which has boon built up by means of the 
telescope and spectroscope j but to that building thoro are 
many guides, and to oxploro it lies beyond my present task. 
Tho purpose which I havo sot before myself has boen a 
much humbler one, but if I have suoooodsd in arousing 
interest in those astronomical phonoiuona which require no 
“ optio glues ” for their display, I shall he well reworded. 

And I think that ho who seriously undertakes some 
department of astrouomy without a tolosoopo will likewise 
uut fail of his reward. Tho growth in tho power of per- 
ception which careful prootioo in observation brings is a 
real gain. Kail too is tho gain in habits of syitom and 
method. Pur to porwsivo is but a port of the astronomer’s 
work \ ho must loam to record what he has perceived, and 
must form tho habit of recording at onoo and recording in 
order. And this habit, as well us tho gain in perception, 
moans increase of power, and power gives pleasure. Pleasure 
thore Is too in gaining os it were from direct oonvorao with 
Nature, fresh insight into her mysteries; pleasure, if our 
knowledge is really increased j pleasure, too, even if tho 
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problems provo loo involved for us ami our only progress be 
towards a Irnev iippreeiation of their didieuUy. 

r I'lio fields oi’ work which wo have passed in review have 
Im-oii both many ami varied. Tlmy liavo extended from 

phenomena l.lm most, slight. ami transient -I, In* I i <.>li |,i n jy of 

a. sunset cloud, tlu* momentary IIiihIi of a moleor-do I, lie 
greatest uml imml. enduring Unit l.lm universe can show- - 
tlm fabric. of l.lu* (lalaxy and its interweaving with the 
stars, Ami thorn is above all in thin direct, windy of flm 
heavens, oul) in I, lie open, ImiU’iifli l.lm deep unsounded 
*hy* a olnirui and an awe, not I, a bn realised ol.lmrwisn. 1 1 
is Nature al. hor vastest, that, wo approach ; wo look up to 
Inn* in her most exalted lonu. Wo see unrolled before us 
tlio Yoluine which I, ho linger of Mod has written ; we stand 
in llio dwelling-place of the Most High. 
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